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Mus musculus vanin 1 (Vnnl) nucleotide sequence (SEQ ID NO:1)
gil6755978IrefINM_011704.1
Codmg Sequence = 22-1560

61
121
181
241
301
361
421
481
541
601
661
721
781
841
201
261

1021
1081
1141
1201
1261
1321
1381
1441
1801
1561
1621
1681
1741
1801
1861
1821
1981
2041
2101
2161

N

Ll

1 ttgctgtcg:
tctgeeccten
catgctgtga
ttaatgaacc
gcgcacatta
atctaccceat
cctaaaagat
tccatctatg
tgtccacctyg
ctggttgcyga
atggagecety
ttcgatattc
atactgttcce
tcagettggg
aggagaatga
aggaagaccc
cecggtgaact
tttcagagta
aattacactyg
cgagcecagatyg
tactacctac
agttcagtygg
acceggtatyg
caggtgtcaa
atcgggetet
atagcacact
tggaatttte
taactgtttg
acatatgtac
tggagggoca
aggcacttca
ctocagttaty
aacatttccg
gttcccacaa
atcattagea
acttgcatca
ggggccteag
aggcaataaa

tggacttcag
gtgtcttace
tectgecotaa
agaatctgga
ttgtgactce
acctgygagya
ttggctcetac
ttgtggega
acggcagatt
gataccata
agtttgtgac
tcettecatga
caaccgeetyg
ctatgggeset
caggaagtgyg
aagaaggasa
ggacttccta
ttgtettttt
tttgeccagaa
aggtttatygce
agatctgeat
acacggcttt
tettecetga
gtgatgggeg
ttgggaggtt
cgctgataat
acatttttta
tcaacagtgyg
accagataca
agtaaaggtc
aaccatcata
cttagaattt
ttctecteatyg
cctecagaacyg
tggactttas
agtgaagccc
gagaacygcaea
tttctgtttt

catgggcacyg
agccagcetcyg
ggacaccctyg
ccttctggaa
agaagatggc
gatcccagac

cceggtgeag

a catgggagac

ccagtacaac

& gcaaaacatt

tttcecygacacce
tcecegetgte
gatggacgtc
gggggtcaat
tatctatgca
actcecctoetto
tgctagcagt
tgatgagttt
tgacctetge
ctttggagee
cctgctaaaa
taccaggttt
agtgttgctyg
cetggttagce
gtatgyggaag
aatgctgatt
ttttatttag
actcgggtgt
tttcaggaaa
gcatgtgttt
agatagattt
ccaatgtgtt
gaccagatco
tgactgeectt
ttcaatatga
ttgtgaacac
acctgctaac
aaatgaaaaa

tcttggtygge
ctggatactt
ttgccagtgt
ggagcgatceg
atatacggtyg
cctecaagtaa
gagagacte
aagaagccgt
actgatgtygyg
ttcatgggag
cecetttygaa
accctggtga
cttcececteatt
ttcctageag
cecgattete
getcagetygea
gtagaatcaa
acctttgtygg
tgtcacctas
tttgatgggce
tgtaaaacta
gaaatgttct
agtgaggtca
ctgaagecaa
gactgggcat
gtgacgccta
aaaatttaaa
aagcaaataa
attaataaaa
tattcagaag
acaagaggtg
tgttcatttyg
tgtagtttta
ggtgtctttyg
ctgatctoct
aggaaaagat
gtgtcaaact
aaaaa

tggcgtgtyge
tcctegegge
ctcacggtga
tatctgcage
tgcgtttcac
actggatacc

& gctgettgge

gtaacaccag
tgtttgattc
aagatcagtt
agtttggegt
cagaattcca
tggcagecat
ctaatctaca
caagggtctt
aatcccaccee
ccccaaccaa
agctcaaagy
gctaccagat
tgcacaccgt
ccaatttacyg
cgctcagcgyg
agctcecgeace
cetogggace
ccaatgcette
ttatacatta
attggtggat
agtgcctett
ctttgagecat
aaataaaaat
taaatctatt
ggctattaay
attcttcagt
gcaatgaaga
cagaagaaat
ggtcatgtac
tcecaggtetco

tgcagegttt
tgtttacgag
ggctctggea
gaagcagggt
cagggatacg
ctgtgataac
caagaacaac
cgactctcac
ccagggtraaa
caatgtcccce
citcacctgt
ggtggacacce
tgaattccac
taatccctayg
tcactacgac
aattcactcce
aacccaggaa
gatcaaagga
gtctgagaaqg
ggaagggcag
cacctgtggt
cacttttgga
tggggagttt
tgtgttaace
crtcagacttce
cttgtgetga
gcagaaaaaa
ctttagaaaa
tggaacgaga
tacagttaaa
atacatctta
tatttatctc
tcaagtccca
cataagaggc
caggacaaaqg
aacaagaaaa
cagaatcatg

Mus musculus vanin 3 (Vnn3) nucleotide sequence (SEQ ID NO:3)
2il6755980IrefINM_011979.1
Coding sequence = 113-1615

1
61
121
181
z241
301
361

421 tgaagtgaac tggattc

481
541
601
661
721
781
841

atatattcac
tgagatacaqg
attacatttt
ggacactttt
tectgtttece
tgcaatcaag
ctatggttgy

gagactgagc
gaagccatge
caatgtggte
tgaaccagag
gtttgggaaqg
ggttgtgaag
geceetgett

aggcagetgg
tagaagaacc
ceteaatgygy
attgctgetyg
actgaagagqg
ctggeageca
atcttcaccea

tgccttygeca
aatgctactyg
ttecgattcta
attcagtttc
tttggcatct
gacacccaqgyg
tcageagtte

ctggeatceac
ttctgatttt
cagtgagttt
tgtatgaaca
ctttgctcect
gacagggtgco
gggagaccat

aggagaactc
atcctecattg
agggtagget
atttccceaa
tcacttgett
tcgacagtygt
cattccattc

gacttgagte
cagagatcac
cgtettettt
tgctgttata
gataaacaaqg
acatatcatt
ttacccctac

tatctatatt
tceeeccggat
aacageooge
agattcagag
Tgacattttce
cectettacee
ggtgtgggec

FIG. 7A

tgaatatttt
tctattttaa
geocaggety
ctgccaaaca
aacatagaca
gtgacgccay
ctagaggata

atggcaaata
ggccgttace
taccataagt
ctggtgacct
tcttatgacce
acggegtggt
agageccatgy

totttoacaa

tratggettc
tggygttcaat
aaactgaaaqg
ttttggagag
aagatggaat
taccagaccce

oct gtagagaccoco taggaggtbtt ggctacacac cagtacagga

ttggggacaa
aatataatac
acaatctttt
tLogacaccce
cagetgtggt
acaacaccct
gggtcaacyt
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901 gettgctgeca aacacccaca acaccageat gceatatgaca gggagtggaa tctacagecco
961 ggaagctgtc cgagtgtacc actatgacat ggagacagag agtggccaac tgetgettte
1021 agagctgegg tctoggectce gccagcacyc cacccoctgca gaggttaact ggagogcetta

1081
1141
1201
1261
1321
13381
1441
1501
1561
1621
1631
1741
1801

Homo sapiens vanin 1 (VNN1) nucleotide sequence (SEQ ID NO

rgcocaggact
Tgacgaattt
gqgacctgtgce
Tetgggtgece
attgctgaay
Tacaaagttt
gatcgtgeta
acgtctgeqgyg
agtgtttgag
ccattgggga
Lggcagagadg
cgatgtaagc
aasaaaaaaa

gtgaagcegt
agcttcacca
tgtcacctga
tttgatggac
tgtcaaacca
gaagaattct
agtgggagtc
agtcgaggtyg
agagaccctce
cececaccege
cggggctcta
tgctgaaaag
aaaaaaaaa

gild759311irefINM_004666.1
Coding Sequence = 15-1556

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2201
2161
2221

cattggactt
tctcaagage
tyccecaatyge
atctggacat
Tgactccaga
tLggaggacat
gecagacccoe
Tgycaaatat
gcecgttacca
accataagca
Ttgtgacttt
tccatgatce
cagcttggat
Tgggcatgayg
gaagtggcat
agggaaasc

gqgacttccta
ctgtecttttt
tttgtcagaa
aagtgtacgc
agatttgtac
aaacagcttce
Tetttectga
ctgacggacyg
ttgggaggtt
caagaataat
ttgacttttt
ttggteeggyg
caaacacaca
ttaaaaaact
Tatcacaaat
ataaaattta
rattcagetce
taaacaatac
aagcacctea
attaggatag
caacaggcac
agaagagagyg

cagcatgact
cagchgooag
caccelaaca
tttggaagga
agatygctatt
ceocagaccet
agtacaagaa
tggggacaayg
atacaacact
aaaccttttce
caataccacc
tgctgttace
gaatgttttg
ggtcaatttce
ctatgcaccc
cctectaotey
tgccageagt
cgatgaattc
agatctotgce
tctaggggea
cctgttgaaa
taccaggttt
ggtgttgetyg
cttgtttagt
gtatgagaag
aatgctaata
ctetttttta
ttaatattat
cacaccagat
atatttgaac
cttttacgca
cttacaagga
tgctgaaaat
attttgattc
gaatgtgact
accctaattc
aaagggagac
gcotocagaaqg

tctecatcgygy
agcttacagyg
cttacaagat
tccatacagyg
ccaactcgag
ctctcagtygg
sacttgcect
gagcccettt
cgegettagy
ctgeccactgac
agagcaagaa
gcaaagcaaqyg

actcagttyc
gacactttca
ccagtgucte
gocgatcacat
tatggetgyga
gaagtaaact
agactcagct
aagecatygcyg
gatgtggtat
atgggtgaaa
tttggaagtt
ttggtgaaag
ccacatttgt
cttgcatcca
aattctocaa
caactggatt
atagaagcgc
acttttgtyga
tgtcatttaa
tttgacggac
tgtaaaacga
gaaatgrtct
agtgaaaatc
ctgaagccaa
gactgggcat
gttatagcac
tttgggataa
cctoctagtat
aatataaact
attggtcttt
gaagaaataa
ggctgenett
ttcecaatgac
tcttgtgggt
gtatttggag
aatatgactg
cataaggagya
aaaccaaccc

gcaggcagac
aagtgctggce
gtctgaaaqgc
gdgaaggccay
aacttgtggy
cacctttcegy
ggaaagatat
gcctatctta
gcagggacct
acaaggggcyg
caaggagctyg
tgagaggaaa

cagcttacgt
ttgcagetgt
gtgaggagyge
cagcagcayga
acttcaacag
gyatcceety
goctggcecaa
ataccagtga
ttgattctea
atcaattcaa
ttggecatttt
attteccacgt
cagctgttga
acatacatta
gagcatttca
cccacceatce
tctecatcagy
agctcacagyg
gctacaaaat
tgcacactgt
ctaatttaaa
cccteagtgg
agcttgcace
catccggace
caaatgcttc
ctattgtatg
tttaaaaaat
aagtgaatta
taataaatta
cttggacgtyg
aaactacyggy
gttaccactt
tttgtttgtt
tgataatgtc
acagggtctt
atgatcataa
cacagaggaa
tgccaacacc

FIG. 7B

agatttattt
tttgcraaaa
aggtgtatgt
agatatgtac
ggtcagcttt
ttttcccaca
caagagatgg
tgtatyggaag
agtgatccet
aggattagec
ttaggagata
aaaaagcaaa

ttecoccaggaa
aattacacay
cgaatggacg
tattacctac
gaacccgtgg
acaaaatatg
tatgaagtct
gtgatggccce
gggaagctge
gggtctgeac
cagggttcca
caataaagta

3)

ggcaattttyg
ttatgagcat
tttgycatta
tecagggtgcey
ggactctetce
taataatcgt
gaacaactct
tcececteagtygt
aggaaaactyg
tgtacccaag
cacatgcttt
ggacaccata
attccactca
ccecctcaaaqg
ttatgatatyg
ccattetgea
aaacaaggaa
agttgcagga
gtctgagaac
ggaadggcege
cacttgcggt
cactttcgga
tggagaattt
tgtcttaaca
atcaggcectce
ctecattaagt
gatggatgag
ctagtttcte
tctgttaatyg
agctaattat
tagaaaacat
ttattatatt
tgctetttta
tcccoccaaaat
taaagaggta
aagaagaggc
ggacaactct
ttgatcttgg

cttitoctatyg
gecagcegatat
atgaatcgga
catattatty
tacceatatt
aacagatity
atctatgttg
ceceectgaty
gtggcacgct
gagcctgaga
gatatactc

gtattcccaa
gectitgggeta
aaaatgacag
aagacagaag
gtggtgaact
tttaaaggca
aattatacag
ataccaaaty
tatvatctac
gactcagcetyg
acccagtatg
caggtgtcaa
gtaactctgt
acagcacaag
tggragaata
aaaagaaaga
tttatttaga
tagattttat
atcaaataag
aagaactatc
acgtatcact
gttitttacce
ttacatgttg
aaataaggtc
gagragggcea
ttacaagceta
acttceagee
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Tocaaaacta
aggcagcoct
tuctactygte
gggtcatcaa
accattagat
tagatatite
cacaactcag
tgagcactasa
geactygtygca
gccagcaaasa
cratatcatce
catttgettt
ggaatcctcs
trgatgtgtt
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tgagaaataa
gicaaatgaa
atorgaaget
gactccaata
cattgaattc
atatagcatt
tgaaacaaca
tatcatagtyg
aaygcatgeco
catcattttyg
caagasatat
ttttcaagac
gagcaattct
ggtgataggc

atttotatty
tcaaagacce
tcaacaasay
gacactctta
ctctggastt
gtgtgrtceta
tcatttaage
ctgtgatgat
ttctycacay
agacaaacat
ttgagrasaa
ctaatagras
ctgtattete
ttgaactatt
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tttaagtcac
attcctgrtce
gcttacctgya
aagaaggatt
agaaaaccag
ttttagtaac
casaatatct
ggacaattac
gagagcaaqgy
ttttgtggca
tcecthgtte
ataagaaaqge
atataatttc
aaaaactica

ccagtecaty
ctctcaccac
taagaatatzt
gorgatgygat
agagtcccat
agcagaabtct
cccaactgac
atagtaccga
cacttgcago
gavgtttttce

ccataatgra
aatgtaaaac
aaaacaaaa

US 9,278,086 B2

gtactttgtt
cactactgtt
cagctggtat
tgatagtgan
tttaagaaat
cttgacatta
tgatagactc
taacagcecat
agtgatctat
ctaaaaagta
cattaactga
tttagaaaca
acgaaaacata

Homo sapiens vanin 2 (VNN2), transcript variant 1, nucleotide sequence (SEQ ID NO:7)
2il17865813IrefINM_004665.2
Coding Sequence = 12-1574

I aaaccttgge catggtcact toecteoittie casatctotgt ggragtttiti gecctaataa

0L ccctgcaggt tygtactcag gacagtttta tagotgcagt gtatgaacat gotgtcattt
121 tgcecasataa aacagsaaca ccaghntctcec aggaggange ctigaatctc atgaacgaga
B stagacat tcoctggagaca gogatcaage aggcageiga goeaggotget cgaatceattyg
241 tgactcocage agatgcactt tatyggatgga aatttaccag ggaaactgtt ttceccettatce
201 tggaggatat cccagacect caggtgaact ggattocogtg hroaagaccoo cacagatttg
261 gtcacacacce agtacaagca agactcagcet goectyggccaa ggacsactcei atctatgtcet
427 tggeaaattt gyggygscaaa aagcecatgta attccogtga ctecacatygt cctocetaaty
421 getactttcoe atacastacc aatgtggtgt ataatacaga aggasaactce gtggcacgtt
541 accataagta ccacctgtac tcoctgagectce agtttaatgt coctgaaaayg ccggagttygy
501 tgacttteae caccgeartt goaaggtity geattitcac gtgotttgas etattothet
661 atgatcctgg tgttacoctyg gtgaaagatt tecatgtgga caccatactyg tttococacay
721 cttggatgas cygtittgcce ctttbtgacay ctettgaatt ccattcaget tyggcaatyy
781 gaatgggagt taatvcttcett ghggocasca cacatcatght cagoctaaat atgacaggaa
841 gtggtatita tgcaccaaat ggtcoccaazag tgtatcatta tgacstyaag acagagttyg
901 gaaaacttct cctitecagag gtggatteac atcccctate ctegettgeo tacccaacay
261 cugttaatig gaatgcctac gocaccacca hcaaaccatt tcocagtacag eaaaacactt
1621 teaggggatt tatttcecagy gatggghtca acttcacaga ac “ttgaa aatgcaggaa
1C8L accttacagt ctgicaaaaqg gagotttgcet gtecatttaag ctacagaatg ttacaaaaag
1141 aagagaatga agtatacgtt ctaggagcett ttacaggatt acatggccga aggagaagady
1201 agtactggceas ggtcetgecaca atgotgasgt gcsaaactac ta “tgaca acttgtggac
1261 ggccagtage aacugcttct acaagatttyg aaatghtcte cotcagtgge ecatthggaa
13 cagagtatgt ttttcctgaa gtygctactta ccgaaattica toctgtcacct ggaaaattiy
381 aggtgotygas agatgggogt thggtassca ageatggato atotgggact atactaacay
1441 tgtcactceit tgggaggtgyg tacacaaasqgq actcactita cagctcatg:t gggaccagesa
1501 attcagcaat aacitaccltg claatattcea tattattaat gatcstaget tigeaaaata
ttgtaatgtt atagggegtae tethttatcac tecagettotg catecatatge ttggetgaat
grgtttatcy gcectucccaay tttacrasga aactttgaag ggetvatttca gtagtataga

1681 ceaghbygagic ctaaatattt tttcteatca ataattattt ttuasgtatt atgataatgt
1741 tgtccattit tttggctact ctgaaatgtt gecagtgtgga acaatogaaa gageetgogt
1801 gtttgggtca yataaatgaa gatcaaactc cagcetccage ctcatttget tgagactttyg
18681 tgtgrtatggg ggacttgtat gtatgggagt gaggagtittc agggccathg caaacataga

18 tgtgecoctig aagagaatayg taatgatggy aatttagagg tttatgactg eatteoccehttt
1981 gacattaasag actattltgaa ticaaaacaa adcddaaaaa aaadsdazaad caaaa

Homo sapiens vanin 2 (VNN2), transcript variant 2, nucleotide sequence (SEQ ID NO:9)
gil1786581 SirefINM_()78488.1
Coding Sequence = 113-1516

1 gactggagga gcacaggcect tggaaaggaa ageagobgag atocagagga gtggaaggct

FIG.7C
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61
121
161
241
301
361
421
481
541
501
661
721
781
841
201
261
1021
1081
1141
1201
1261
1321
1381
1441
1501
5el
1621
16861
1741
1301
1861
1921

ceoceottgac
gaatatagac
tgtgactaca
tctggaggat
tggtcacaca
cttggcaaat
tggzctactet
ttaccataag
ggtgactttc
ctatgatcct

agottggatyg
gggaatggga
aagtggtatt
gggaaaactt
agetgttaat
trtecaggaga
aaaccttaca
agaagagaat
agagtactgg
acggccagta
aacagagtat
tgaggtgctyg
agtgtcactce
caattcagca
tattgtaatg
atgtgtztat

Mar. 8, 2016

taaagctaaa
attctggaga
gaagatgcac
atcccagacc
ccagtacaaqg
ttgggggaca
caatacaata
Taccacctgt
aacaccgcat
ggtgttacce
aacgttttge
gttazatce
tatgcaccas
ctecetttceag
Tygaatgect
Lttatttcca
gtctgtcaaa
gaagtatacg
caggtetgea
gaaactgert
gtttttcocectyg
aaagatgggce
tttgggaggt
ataacttace
ttatagggey
cggettoceca

gaccaqgroayg TC

gttgtccatt
gtotttgogt
tgtgtgtatyg
gctgtgecocct
ttgacattaa

cagataa
ggdgecttgt
tgaagagsat
agactattog

caccagtttc
cagegatcaa
tttatgoatg
ctcaggtgaa
caagactcag
aaaaqgecatg
ccaatgtggt
actctgagcecce
ttgraaggtt
tggtgaaaga
ccotttbgac

T ttgtggocaa

atggtooccaa
aggtggattc
acgecaceac
gggatgggtt
aggagctttg
ttctaggage
caatgctgaa
ctacaagatt
aagtgctact
gtttggtaaa
ggtacacaaa
tgctaatatt
tctetitate
agtttactaa
tttttecteat
ctctgaaatyg
asgatcaaac
atgtatggga
agtaatgatg
aattcanaaa
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teaggaggat
gecaggcaget
gaaatttaco
ctggatteoyg
ctgcetggcee
faattococogt
Ggtataataca
tcagtttaat
tggcatttte
tttcecatgty
agctattgza
cacacatcat
agtgtataat
acatcececta
catcaaacca
caacttecaca
ctgtecattta
ttttacagga
gtgcaaaact
tgaaatgurte
taccgaaatt
caagaatgga
ggactcactt
catattacta
actcagette
gaaacttuyga
caataatia

ttgcagtgty
tcoagotoca
gtgaggagtt
ggastttaga
adaaaadaaa

goettgaate
gagcagggty
agggazacty
tgtcaagacc
zaggacaact
gactccacaz
gaaggaaaac
gtcectgaaa
acgtgettty
Jacaccatac
ttocattocag
Jrcagectaa
tatgacatga
teotegetty
tttccocagtac
gaacuhbttg
agctacagaa
tracatggcc
actaatttga
tcocerecagtyg
catctgtcac
tcatctggge
tacagctcaz
avgatzcatag
tgcatcatat

gaacaatgga
goctoeastbtyg
tcagggccat
ggttiatgac
2aaaazaadaa

US 9,278,086 B2

teatgazcga
ctcgaatcat
ttttcoatta
cocacagatt
ctatctatgt
gtockcctaa
togtggoacy
agccggagtt
atatattett
tgtttcecac
cbtgogoaalt
atatgacagyg
agacagactt
coctaccoaac
agaaaaacac
aaaatgoagy
tgttacaaaa
daaggagaag
caacttgtgg
gcacatttgy
ctggaaaatt
ctatactaac
gtgggaccag
ctttgcaaaa
gctteogetga

L cagtagtata

ttatcataat
aagagcctgy
chtgagactt
fgcaaacata
tgaattcce
aaanaa

Homo sapiens vanin 3 (VNN3), transcript variant 1, nucleotide sequence (SEQ ID NO:11)
21166932887irefINM_(018399.3
CodmO Sequence = 73-897

(:l
121
i81
241
301
3el
421
481
541
501
661
721
781
341
501
261

1021
1081
1141
1201
1261
1321
1381

atgtaaagtt
taaattitag
gotoctgagtyg
ttaccaaaca
aacatagatg
gtoaccccag
ctagagygata
ggcaacacac
gtyggctaata
ggceegtrace
taccataaqt
cttgtgac
toctecatgacc
cageatggta
aggecatgygy
ggagtggaat
gtggtcagct
cagetgttga
attttcectggy
gaaattacac
agegaacaga
aatattactt
gagaacctgt
gaacgcgtta

tttecagtyga
ttatgattat
Ttggtygcact
gaacagaaac
ttttgyagaa
aagatyggaat
Taccagacce
cagtgcaac
ctggyggacaz
aatacaacac
acaatctiot
thtgacactec
cagctgtgyt
caacacgety
agtcaatcta
ctacgceooas
gttgctatca
ctggecatgcey
gatgatttat
agcttgecay
cgagatctat
acagaTatgt
ggggtcaget
Tagtthtceoea

acaaaacgt
atcacatttt

agcaqbtaag
ctatggttag
tggagrgaac
asyga
Jeagccatygo
tgatgtggtg
tgcacctgaa
tgggaag
gutggtggat
ot
cttgetgcaa
gaagcagtca
geactgaagt
tatgecagea
tttgatgay

asagatctgt
geaootaggtyg
gcattactga
tttaccaagt
cagatcattc

aagaatcrga g

ccasaatgtyg

- attgctgoag

aaagaagasy
ctgyucageya
atcttcacca
tggattccat
tgcctggeca
aatgecagtyg
tttgattcte
attcagtttyg
tttggcattt
gagtttcaat
cggetgtice
atacccacaa
aggtgtaaca
cteggeeccyg
gtgtcaagace
ttacctteac
gttgtcactt

tttgtttic
tggcagtt

agpagagtgc
Jggags

Jgragagacca

Q G g
fate)

[ete)

[oalE e S (VLR SV v

cttttgatgg act

agtgtcaasc
ttgaagactt
taaglgggag

acctg
ctceoteocags
tcagcecttgec

FIG. 7D

caaagatcac
tgcecteott
tgocggtgata
gatgaacaay
acatatcatt
ttaccectat
ctggagattc

acsactc tatctatgtc

Lgacattttr
ctctacccea
geatgggeca
cacatgacag
gaaacagaga
acctaccety
gaacagtcayg
agaaatacaq
atgtctgaga
gtagaaggeoc
gaaacgtgty
ggcacatttyg
cotgaaagac
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1441
1501
1561
1621
1681

sttatgagat
tagttatgoc
ctgggaaatt
Jgaagaaaaa
acaaatataa

Mar. 8,

tfcaacagat
rqtazqqa

taaactgaay

2016

ggacgcettga
acagtgtttyg
coctttageag
gttagtgtco
cagatttgaa

Sheet 18 0f 43

ggagocgaayg
agaaggacce
agoccetttta
gtttagaaaa
aagcaaaaas

tggagoecect
tccacgetta
gagattac t

catgttataa

aaaaaaaaaa

US 9,278,086 B2

ttgectgtet
gygcagggat

racagaa

Homo sapiens vanin 3 (VNN3), transcript variant 2, nucleotide sequence (SEQ ID NO:13)
2il66932886irefINM_(78625.2
Codmvr Sequence = 73-516

61
121
181
241
301
361
421
481
541
501
661
721
781
841
901
961

121
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1021

atgtaaagtt
tezaattttay
gonctgagtg
ttaccaaaca
ascatagatyg
gtgacccoac
ctagaggata
agraaaaaga
3 aatatyg
cacattttac
tgtictattga
ggacaactct
cteoteag
gogaaaac
thicocecang
tacttgettt
gacagcattco
ttoccatteoag
accagcatge
tavgacatgg
cgtgageooca
Ltrtectehg
aagcttaaga
acttacaaga
chgcacaca
actgacctgg
tcecoctcagty
cagcttgoac
ggagceooctt
ccacgctrag
gatragoota
atgttatasz
zaaaaagasd

tttccagtga
ttatgacttat
tt gcact
gaacagaaac
ttttggagaa
aagatggaat
taccagacac
tgaatgagee
gocastggaa
gaccacctag
attagatiteg
atctatghteg
ceccectgaty
ttggoacget
; gattcagaac
gacattittt
totacocoac
catgggocaa
acatgacaygg
aaacagagag
cotacectge
aacagtcaga
gaaatacaqgy
tgtctgagaa
tagaaggeca
aaacgtgtygg
gcacatttgg
ctgaaagaca
tgcotgett
ggcagggatce
gotasgaaag
cttacagaaa
aa

2acaaaacgt
atcacatttt
gracactttt
acctgtttca
zgecagttsag
“fatqqifcg

attgtatagg
ctgagtygata
graacacacao
tegctaatat
goegttacca
accataagta
tltgtgactts
ctecatgaccc
sccatggtac
ggcoatggaa
gagtggaatc
togtcagety
agotgttgac
ttttctgugy
zaattacaca
gcgaacagac
atattactta
agaacctgty
sacgcgttat
tratgag.
abty
ggdﬂdttf
a

> ctgbatgg

aagaatctygae
ccaaaatgtyg
attgotgeag
adddaagaag
ctyggeageya
atcttcaces

tggattcecat
gagctttgct
acttgaaaas
aatcactaaa
agtacaacas
tygggacaay
atacaacact
caatohtttt
gacacteoo
aygctgtyytyg
aacacgatga
gtoaatctac
tacgeeceay
ttgctatcay
tggecatgogt
atgatttatt
gcttgccaga
gagatctaty
cagatatgtyg
gyggtcagcett
gttttceccac
tocaagagatyg

cagtgatcte

aagagatcacy

aaactgaagc

grttgtirtt
tggcagtttt
tatatgacca

cottgctoct ga

agcagggtyge
gggagageat
grtagadgacce
atcactgtca
ggaagccceta
atatagtaag
agactcaget
aagccatgca
gatgtgotgt
cctgaaa
ttgggaagt
grygtygaty
ccoctectota
cgotgcaaa
aagcagtcaa
aactgaagtc
argecageaqg
Thgatd tt
aagatctatyg
ccctaggtge
cattactgaa
ttaccaagtt
agatcattct
gacgottoag

gagtgttiga ¢
cttagcaga ¢

gtgtctyg
agatttgaaa

chmaqqaaU
ttcagaatgce
cttectgggac
tttgaggaaa
gocTggeoaa
atgeccagtyga
ttgattctea
ttcagtttga
Lttggcatttt
agtTicaatt

thu*dLCav
tcggccecge
tgtcaagecca
te tteace
ttgrcactta
tttogatgga
gtgtcaaacco
geagactte

42QLg9gagt

agcaaaaiada

Homo sapiens vanin 3 (VNN3), transcript variant 3, nucleotide sequence (SEQ ID NO:15)
gil 66932889%IrefINM_ 001024460
Coding Sequence = 73-426

1
A1
121
181
241
301
361
421
481
541
601
661
721
781

atgraaagtt
teaaatttteag
gerectgagtys
ttaccasaca

gtgdbch¢

ctagaggata
cactaaaata
geaacaazaga
ggacaagasyg
cracactgat
terttttgea

cacteeettt
tgTggtggty

tttoccagtga
ttatgactat
ttggtocact
gazcagaaac
ttitggagaa
aagatggaat
taccagaccc

tagtaagtit
ctcageTygcee
ccatgcaatg
gtggtghttg
cctgaaatte
gygaagitty
gtggatgagt

zacaazacay
atcacatttt
ggacacttt:
acctgtttoa
cagttaag
ctatgygtteg
tcgagtgasac
gaggazaatar

tguccaagyga
ccagtygacte

29
agtttgatte
gcatttttac
ttcaattgac

aagaatctyga
ccaaaatgtyg
attgetgeaqg
azagaagaay
cLggcagega

atcttcacce
tggattacat
ctattgaatt
caactcectate
tcagtgtecoe
aaaactgttg
coocaaggat
ttgctttygac
agcattctet

grittgttott
tggcaqgtite
tatatgagca
erttgetoct
agcay [s]=
gggagageat
gtagagacocc
agattoggaca
Tatgtogtyy
cctgategeo
gecacgctace
Ttcagaacttg
attttttctce
accecacage

FIG. 7E

caszagatcac
tgecoctectt
tgcggtgata
gatgaacaag
atcatt
cecectat
gagaaat
caccagt
Ltvd attgy
gttaccaata
atsaghtacaa
tgacttttga
atgaccceage
atggtacaac
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1681
1141
1201
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1221
1381
1441
1501
156l
1621
1631
1741

acgetgeceoc
aatctacteyg
gocooagaag
ctatcagaac
catgegtaty
atttatttog
tgcocagaaay
atctatgeec
atatgtgcac
tcagetttia
tteoccacaga
agagatagac
tatggasgaqg
tygatctcett
agatcegtca
ctygaagcaga

tocoetetegyce
ctgcaaatac
cagtcaajgt
tgaagtcteg
ccageagqtgt
atgagtttac
atctgtygtty
taggrgettt
tactgaagty
ccaagtityga
tcattetaag
gctigaggag
tygtitgagaa
tagcagaygce
gtgtetgttt
tttgaaaayce

Mar.

8,2016

tgttcecettao
coacadcace
gtaccactat
goeccegeogt
caagceattt

cttcaccsay ¢

tcacttaact
tgatggacty
tcaaacceac
egacttetoo
tgggagtoay
cegaagtgga
ggaccatecs
cttttagyat
agaaaagaty
zaaaaaazaa
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cattecagest
agcetgcaca
gacatggaesa
gagcocacct
tcctetgaac
“taagageas
tacaagatgt
cacacaglteq
gacctygaes
creagtggea
cttgeoccoctyg
geocettige
coohtaggge
tagectygge
tiataaactt
aaazaaaas

Jggecaagygo
Lgacaggyag
cagagagtygy
accctgcage
agtcagatts
atacaggaaa
ctgsygaagcey
aaggcecaata
cgtgtygaga
catttggaac
aaagacatta
ctgtocttagt
agggatotgg
aaygaaaggaa
acagaaacaa

catyggoagtce
tggaatctac
tcagotgtty
tgttgactgg
totggggaty
ttacacagct
daqudpgdq
ttacul

azctgiggyyg
gogttatgtt
tgagatttca
tatggcaoc

Jaasaaazay
atataataaa

Homo sapiens vanin 1 (VNN1) gene, complete c¢ds (SEQ ID NO:17)
gil682485451gbIDQ100297.1
Coding Sequence = join (1959..2168, 4155..4278, 21806..22003, 22680..22971, 23411..23772,

31490..

42
48

31660, 32673..32855)

gttaccttgg caatigcaga
cctgtttgeca gattgaacta
tggaaaaaca taaacactaa
ttgecac actcaatatc
cteete > tyggatct
tacaccteig ttgechotyt
tageatacaa caaaagogat
ctteocatetnce cagtgggtte
cggyetgece tatogtgagy
tgaggtattg atceccchtgaag
cotgg
gagsccttgy
Jyagatyatg
aatagaaaat
aatacagtaa
aaattattcg
ttgaaqgtoct
atctaattag
tatgsttyag
ctttttten
aatttgagac
tagectygygey
atcacatgaa
cetgagtgac
atgacaaaaa
tccteacaaa
agacacaggy
ctitocacogee
cagaactgeoa
aggoagoces
aatasgogag
acttcegtag
ggacatgctce
acgtggeaat
ctgtttatga
aggetttggao
cagat.caget
grtooctaggag
agtagocaay
ggactitecet

geccagaggea
tattotiget
gagtaactct
atcaaagtgt
aatgrettgt
aactgtcagt
ttaagatgaa
tcteagtett
ctgoecttat
cagectygeoe
tggrggcgygy
cacgagaggce
aagagtgaaa
aageragago
aagggaaasc
agaaggcage
cteaggagga
aagcaataaa
agegaactaa
ggtertttgt
tttaaggtac
tgtitttecag
tttgetttte
gcatgecayeg
attaatgaat
accatateta
acagggocan
aaccittatt
aaaactaaga

ataaatgeat

taaaaatacc

ttctgtazat
saaatctaty
tcoccagete
gataagcedgc
gaggtgtige
acttgctgte
tttgcatcac

o q'taaﬂc
ttttgasygct
tttgtattcee
cgagoctgaas
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atgtgtggte
gettctgoaa
ggtgtttgca
tagcactttt
ctectaccte
tagctttate
cottgagtge
taacaatact
gttaatgata
atggagaaag
atgcacattt
gaagtttetyg
gtgtgaagaqg
aacaggtaag
ataagcctgy
ctttattctyg
agatctacct
agactagatt
agaagcagyy
tggaacacga
gotgggtgag
gotagagget
tggacccage
tagaaatatt
Lgatacgaca
gagettceggt
aaataaagyga
Jgaggaaagaa
tataattttg
grtgaasagt
gaagaagaga
atgtgtgtat
gotetaagag
agtgcaghtygy
caggagttty
tagcaagcea
attgettcat

cctaggcaac
tccetactoag
tacaaastqt
ataaaatitat
ttcatatggt
batttitaag
coteotttte
ggataotacct
togtcaagtaa
ttggtaccayg
attaccagca
acatgggatt
acttaggtct
ttggattttt
agtctaactyg
caaaccaagy
cagattttcc
gcaaacatca
ttgccttatt
tccaacagea
aaaaataata
tgagatttcee
ctetgttttt
agtcacalttyg

cotggaatcet
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cottectatt
tattgaaata
cagattgtot
ctggtgttat
tccagatygay
aaagacatat
tgaaattatg
ttttegttat
tgaagataaa
acatttgaac
tgctggagga
gagcetgatge
catgaacaag
tgetactsay
aagcaacatc
taggagtgatag
ttgaatatat
attaaaatag
catggagtct
asacggaatg
atgecatctga
gagttcagtt
cagttgtetg
gtttcaazaa
aaggagactg
atttggggca
aaatttaaaa
atcatgaggt
gcagaatttt
caaagggaag
agcaagacaa
gtgtgtgtgt
aaagagcetac
cotgtaatee
tgacceotgt
tggtggcagy
cetgggagat
agagtgagac
tgtteccaagy
ccaacaactq
taccatatac
attatattge
traaaaaaay
cttcctgect
asagagagit
aaccaagett
atatgttttg
gagtctggga
attcacctta
taatgccaat
gtattgaaga
tgatgataca
gaagagacac
aagceatttta
ctcagagtit
ttrttaastt
tctcagasta
acctttctet
tttactgtea
cteettctac
ctetaatouy
ceetttatece

2016

ctotatecte
btttcecestc
ggtocctttat
cgtcaccaag
ttaagtacat
tatgtcatag
ccaactgeac
agcaaatgaa
taagcataga
agataatttc
gtactaasga
tattatccag
ggtgtggatyg
gqraactgagg
ctgtecctgea
tcagotggtyg
catttttact
tottattsag
agacatattt
gagcagtccag
cagatcagga
atagatgtgc
ttgaatactt
tcagcaagat
tactgacagt
Jgaaaggaca
agagaacatc
gtattaacac
ctgagctcat
tgaatgeact
tggtttazaca
gtgtttctea
aaaaggaaaa
cageactitg
ccaacatyggt
cgooctgasat
agaggttgca
tctgtctcaa
tgctggagga
gaaattaaat
catatgttat
tatataaatt
ttggtcacaa
ccteaatett
gtocggaaght
tctgtttate
gaatcttcct
aaatacccag
aatagcttea
gtgccagtgy
taaggaattt
ttatgetiga
aaagagaggt
taccaaatat
tgcttttata
tcgttaatet
atttttccac
gcactggttt
tectagygsat
ctttattbge
aactggetge
tcatggtgaa
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taatcteact
tcctatttoe

cgtggﬁgag

aggggtto:
L@tLtatng
tattcactta
agtattttgt
ggcctactat
teotectaott
agcataggtt
gctctactta
gtgaaaaaga
caggcagygag
catggcttge
ggatcttace
gaagtggtcc
actctgtaga
ggtotggaca
agaaaatygga
aatgtggcag
ggcaagagag
tggttttgaa
tggtcotgatg
acaaggggca
aaagaactat
gaggacaaga
tggtagatga
aatacgttca
aatgatagga
tttttocceca
gagactcaty
acaaacgaga
aatacataaa
gyaggtcaaqy
gazacetgtc
cccagetact
gtgagctgaa
aataaaataa
aagagggaaa
gastcatatt
attaacatat
tttaaaatta
Aaacaagagag
ttectacett
ctttettact
ttgctagacy
atttaaagat
aatcaaacat
ataaaaatgt
gttacaaaaa
tggtataata
aaaatctcga
aazagtgaaa
gocataatttt
gtrtttettt
tctttgactt
aatatcattt
ccctetagte
getetettag
tectttgtte
tcteoecatgco
gatttttett

FIG. 7M

tctacttaca
tagcatatgce
cecccacctac
ggatatttcc
ctecocagygsc
cttatttgag
ttgctetaty
atgccaggta
gaagaattca
ggcatgtygac
gattaatttg
gtaggaggag
cagggtetge
gazrgetgggt
tagcacactt
agtgaaggaa
tgatggagca
aagactgtaorn
actcagtggce
atttctggea
gagcagactc
gtagttatga
cttaagggasg
attaagcaca
tgacaaaqgta
aacctgcaaa
casggaagta
ccattattag
tgstgggcag
agaaatctta
gtcaggagaa
gaygccttgst
atatgagagyg
gegggeagatr
tctactaaaa
tggaaggctg
attgtgccac
aatatacasg
aatagtatca
gtacaagasc
atzgeettat
aaatataaat
taztectetta
tttaccteer
gttgtgaggn
gtgatatttce
aataatacat
attaatatst
tatagcctta
toctttattt
ttatatttac
ttatcaccaa
tasaccccta
gtttatatca
gtttttecta
tttgttaaza
tcataagttt
attctgcaca
ctatttoect:
tgttgtagtc
ttgtatacga
taccacttcce
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aatatcctygyg
agaacctcaa
taatctttca
cacagagcta
acccratget
actgagaacc
ataactacec
tttatttagt
gtaotttagta
tgtccgtaga
ggaatgcagqg
attotttgtyg
agggaacage
ttggrgggaa
aagartcagc
tgatgtggtc
aagacccaaa
ttgttggaat
caatttgatyg
agaatggcty
actgacagtyg
gacactcagc
atacragaat
caacagtgaa
gaacctttygg
tacaattaay
gagactcttg
catttttgag
attatattgg
tctgagacaa
atgtgtgtagt
tgcotttgta
aatcaggtcc
catctgagat
atacaaaaat
agacaggaga
tgcactecag
gaatcattac
tgaacacagy
atttattgcce
atatgtgaca
tgtgatgtat
gocltotbette
ccagagtett
aggttagett
atctaaacyga
attacttgat
ctattggaaa
tgttaattca
tcagaagatt
aatttttcat
aagotacche
tettgecaca
gtatgtcatt
aagtrattaa
ccccatatcet
atctrtgaget
gttgtcatat
gttttaggtt
aacgctgtcet
taggagtecat
ctgtgtggat
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tteetgtttt
acagtttcocg
tgoetttect
gacttttectt
ttctgaaghtt
cagaatgcat
tattgggatc
titttactact

cttgtetteg
ctctgaggcet
cttttatctyg
ctcecttgggga
tttgagetic
gtotetttgyg
ttteceottett
ttgaagttca
gtocagtggce
tgcctcagece
ttatattttt
ccteaagtga
getoeccagoec
agacatactt
tcttgtectyg
ttagggatce
ttttcaacat
catctaaaga
gggaggatca
tetgeteatt
gtcecagtga
gctagtttag
atcctagttt
azaaaaatag
ttacct
cetgea
gatgaaggig
ggaaacttot
tacgtactat
aggatatgac
actctgaage
aattaaacct
caatgaagat
atctttttga
agttgtatta
accaaataaa
atgtttttut
tltaaaatita
atoatgtgac
tatcocccacat
gttgaaatgt
caggtttgaa
gttgctgagt
ccaattagtt
aaatatcata
ttgagcaggce
aataaaaaaa
aagaagattc
gggagtgatg
tgtgatggta
ggatgttagc
tgctetgece
cctggtagaa
agcaagagac
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ctgttcccey
gaaagagagt
cttaaattta
caggattgty
cttctgattc
gcagaatttce
ttctgcetet
trtatttttot
gaatcerbttta
gagtttcaac
atttaggaaa
cttttttatt
ttaccaaaaa
atgatagaat
agacttcecte
gaatcagttg
gataaacttt
atgatttccg
tcccgagtag
ggtacagatyg
tecogectgoe
cagataaaca
atactaaaaa
tgttttacct
aagtgaggaa
tcagtgttat
ccatcoccactt
gttatctggt
tattttectt
ttaatttgag
gacctggttt
ttaaaactgt
tgttcttttyg
gaaagttact
aagtggaaac
acttggaata
catctgoatyg
agtggaagaa
ttttcecagat
tecttttattg
ttaaacacat
atagctgttc
cagtgaattg
attattcagt
gtggcatagg
tttaagagca
tectagottt
gttttgatat
gactttctta
aaaacgacta
atgttctece
gaaaatcagce
tcatgtaaga
aaatttccat
tgcatttett
tatatatctt
aacgagagta
gectagggaa
gaaggaaaag
aaaasagcas
agceacatte
accactgety
aggagatgac

tottecttgt
gatcgggaty
gttaagtatt
aatgtattta
ctgattcttt
ttcctttcta
tggattaggy
cectictacttt
tttttgttaa
acttattgtt
ttttttattg
tgectttttea
ctcatagaaa
gatctagetyg
ttgggatggyt
cctaatttag
gttttttttyg
ctcactygcaa
ctgggattac
gggtttcceo
teggeoatoce
ttttttttaa
attatttgtt
ggcaacccta
aatggeettyg
ttattcaggt
tacecetetet
tttttggagy
tgactgccac
tgctttgecag
tettgggtct
gttgtggtct
aaggattgta
tetatcoocoat
aataagacca
tgctgtacag
gtgagatgac
aaacttaatg
tacaggggtt
tgtgaaacag
tttaaattcet
atggctatag
caggaggcac
gataaactgy
catttttcta
tctagcagtt
attgbcatta
gtgtacacac
tgacttactg
atttaaacac
tcagtggcac
ttgcacetgyg
ggaagcactt
ttagaaaggt
gtctggaaat
attttgggga
gtttcagaac
gttgaaagga
agacaaggada
aaacttttita
tttegetgac
gggtgtggga
agatgctcag

ttogggettg
caagattbtt
tceoctgggea
tatcctecca
gtatgtgtat
ttttetttte
ctcteatttt
ctgagagatt
catgttoetta
gttttgtgea
aageteoteco
tgcastaagt
attctgacca
gaccttttge
caggtectcee
gaaataaaaa
agagagtctc
cernctgectce
aggttcatgce
atgttggcca
aaaglgotgg
aaagbgtaag
gtgtatctga
ttoctgaaaqg
caaggtgtgy
aatceectte
ggaaacattce
acttagtatce
aactttactce
tgragatagyg
gcrgaatcaa
atcctectat
ggaastaaaa
ctitaatacac
gttagegget
atggcattaa
tcacetactt
gagaagtgtt
gccoctetaggt
gcaataagat
tgataattaa
gecaaggate
tggggcettaa
atgactctaa
garcaagaga
tatttaatta
acaaatgaaa
cgtgaaatyga
gttttcatga
ttgeggtgac
tttcggaacc
agaatttcag
tttgzatataa
taagattatc
tcetteacata
ttatagggag
cagtgccatt
gtcecteteg
aagctgaaga
aaglttcagaa
ttcectgeaag
ggacaatgga
ttcazatcce

FIG. 7N
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tgcectettt
gagactcact
tggaattcaa
tcttacgttg
teoctcattce
tctttttctg
ccgacatttt

atttccaaga
tgtattattt
cecoctgotte
ttttctcaca
tgtgagtaac
tgcggggaaa
aggtttcaaqg
tacaggatct
tttctgttge
cegggttcaa
caccactcce
ggctggtcte
gattacaggt
tatgtecceat
acttcacatt
ataaatcctt
gtgggggtgyg
aactatgtct
tecegttattt
caaggcatec
ctagetetag
gattcttgge
ttactacttt
tttcctacct
ttgaagcata
ttgcactgaa
getgetttag
atgaatatgg
agattttata
tcagttettg
caactctagyg
atgatttaca
aztcattagt
tgattgettt
agccecotttat
tgaagaagta
gtatttcagt
ttttattcta
attgtatatc
ttaaatcaag
cttcoctaga
tcagctgaaa
cagtatgtct
gtaagaatct
aaatctgcete
ctiggggatc
ataattactg
tttaaagtct
ggagoceectt
tegagtgagt
agagagaatt
ataatccoctt
ttctoctoce
atggtgagga
tgttagtcaa
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cttgttgtta
ggtctgaaac

gotggttat
ctattgagaa
acaccttcec
aaactcttat
ctctgetatt

actott £
tttaottenot
cttcaagotg
tgtctggtaa
acttgccaat
toggagygtaa
attcttctaa
ccaggtaaat
caaggctaga
gcaattcice
agctaattott

tecaatattta
taactgggasg
gctgacagoa
agggggaacg
cttaaacttt
actggaqgrac
ttcacaactt
gtatagagca
tectttetact
ttgtatcaac
ttgtgggtta
tgttcattct
gtgattactt
tcargcaaga
atcteoctott
ttcaaatage
cgcagtatag
gcteattaca
caggtgecta
aacttgagaa
tacagggcta
ttttattatt
acattatttt
tgactttcte
ttttttatct
tttacagugt
caaattcaca
tttgtacoct
cagaottetac
tteatgaggt
tcgaatattg
aagtgcttac
atgaaggaca
tgtccttecac
tccaagtaga
aggaccactyg
caaggctcoty
“yacagtggo
gcttcacatyg
actcceogtt
gottgtggtg
ttgeticgygy
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ccattgtgygg
aatccactgyg
acattgatta
ttcttgtact
gtttcttceat
gtagcaetttg
tgaagccaac
actgggecatc
ttatagcacc
ttgggataat
ctctagtata
atataaactt
ttggtettte
aagaaataaa
gctgectetty
tccaatgact
cttgtgggtt
tatttggaga
atatgactga
ataaggagac
aaccaaccct
tttctattgt
caaagaccca
caacaaaadgqg
acactcttag
tctygaatta
tgtgttctat
catttaagec
tgtgatgatg
tctgcacagy
gacaaacatt
tgagtaaaat
taatagaaaa
tgtattctea
tgaattatta
tatagtaggt
aacatttatt
gttctggata
caaggchcgg
cetecattet
caatgatact
cagtctttga
tggaccaaca
ggcttcatgg
tgtatatatt
tgatatgtat
ctttctatac
ftaaatttaag
atacacaagqg
gygaatgcegat
tcctgecaga
atgcctgeaet
tctocgaaace
ggcgtgagec
tgtaggggaa
ttcatgaagt
ctttgaagaa
atatataaat
ctgaatagaoa
gttctgaaac
tcgetgtect
taatttcaag
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gagtctttat
tttgtgttta
cgggeatetc
tggcaacatt
tctgttatag
cetacthttt
atccggacct
aaatgcttca
tattgtatgc
ttaaaaaatg
agtgaattac
aataaattat
ttggacgtga
aactacgggt
ttaccacttt
ttgtttgttt
gataatgtcet
cagggtottt
tgatcataaa
acagaggaaqgq
gccaacacct
ttaagtcacc
ttcctgttoc
cttacctggt
agaaggattg
gaaaaccaga
tttagtaaca
aaaatatctc
gacaattaca
agagcaaggc
tttgtggcag
ccececttgttet
taagaaagcce
tataatttca
aaaacttcaa
ctcececttgtyg
atcttatage
agggcetttyg
gtggggctag
ttaggatgcet
gagagagaaa
aaacctaatc
atggeacaac
gggeccatttt
gcaatgtaat
ttcaaaatac
attgaataat
ttaactgttt
gactrtttttt
gygtgtgatct
goeteetgtyg
aattttgtat
cgagctocagg
accatgceceg
catacattaa
gceaaccacta
accaagattt
atataagtat
agaggaatac
acatcacttt
gtggttgtac
tgttatttta

cttgtctgag
ttaactctta
actaataaat
tcaaattttt
tzaattttaa
tgttttaate
gtcttaacag
tcaggectca
tcattaagtt
atggatgaga
tagtttctet
ctgttaatgt
gotaattata
agaaaacata
tattatatta
getetttttyg
ccceccaaaatt
azagaggtaa
agaagaggcg
gacaactctt
tgatcttgga
cagtccatgy
tcteoceccace
aagaatattce
ctgatggatt
gagtcccatt
gecagaatctce
ccaactgact
tagtaccgat
acttgcagta
atgtttttce
tttgggtgac
cataatgtat
atgtaaaaca
asaacatccta
gtgtaatgaa
atttctgagyg
gzaagttgta
agaaaatctqg
agaaaaactt
gecacatgaga
acagaagtga
gtgygacagaa
ggatgctatc
ttasaaaata
actcccaata
taaattaaat
gccttaacta
tttttttttg
caguetcacty
tagctgggat
ttttaghaga
tgatccacce
geecgtggga
asggtaacaa
ggaaaaggdyg
titttecctaat
ataacaaaaqg
trasaaagtc
gattttatac
tgggcatgtt
gattcaggag
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aggactaggt
cggegcetitoc
gaatcagtgc
ctgatagaat
aagtgattta
aggtgtaaac
taactctgtt
cagcacaagc
ggtagaatat
aaagaaagat
ttatttagac
agattttatt
tcaaataagt
agaactatca
cgtatcactt
ttttttacct
tacatgttyga
aataaggtca
agtagggcac
tacaaggctaa
cttceccagect
tactttgtta
actactgttt
agctggtetyg
gatagtgaaa
ttaagaaatt
ttgacattac
gatagactct
aacagccatg
gtgatctatyg
taaaaagtac
attaactgac
ttagaaacag
gaaaacatat
agtgtttett
ttgcceccecaa
gtcaggatct
gttaacttgt
cttcectecaget
tcataaaatg
gaaagagcga
catctcttet
tcaaacagag
atagtgaata
ggattgtttt
gttacgtctg
aatctaataa
cagtttgtygy
agacggagtt
caacctetgt
tacaggcetygyg
gatggggtth
gtctaggcct
cttttgeatt
aataaacagc
tcttaaaaac
aatctgtttt
tgaaagaaac
aactagaaag
tgaaagccga
ccaaatgtat
gcecatgtygc

FIG. 70

ttcTcecttety
acaggtaagt
caguttcata
ggaatttgge
tgggattgta
tgacggacge
tgggaggtty
aagaataata
tgactttttc
tggtceggyt
aaacacacac
taaaaaacta
atcacaaatc
taaaatttac
attcagcetct
aaacaataca
agcacctcecayg
ttaggataga
aacaggcaca
gaagagaggg
ccaaaactat
ggcageeocty
tctactgtaa
ggtectcaag
ccattagatc
agatatttaa
acaactcagt
gagcactaat
cacugtgcaa
ccagcaaaac
tatatcatcce
atttgectttt
gaatccteag
tgatotgttyg
tttigctcaa
actattatct
gggactggct
ccocaggget
ca acqggc
tcatctygget
gggaacttgg
tccacatgat
ttgagaatat
tatgtattta
cctottottt
aaaagcacta
tctectacttt
caaaaccatc
ttgetecttgt
ctcetgygtt
gatzacaggce
ctocatgttg
cccaaagtgce
catttttcag
ataacttcca
atcaccctot
atacacaata
tgactcttaa
t.catngtocaac
tacctcecgaat
cacttttatt
agguttgtta
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tatactgceca
aaattagaag
gctecaattt
cagtattttt
aaacttgaag
ttgtttagtc
tatgagaagg
atgctaatag
tcttttttat
taatattatc
acaccagata
tatttgaaca
ttttacgcag
ttacaaggag
gctgaaaartt
ttttgattct
aatgtgactg
ccctaattcea
aagggagacc
cctcagaaga
gagaaataaa
gcaaatgaat
tctgaagett
actccaatag
attgaattcc
tatagecattg
gaaacaacat
atcatagtge
agcatgeect
atcattttga
aagaaatatt
tttcaagacc
agcaattcte
gtgataggct
cgttgtcaac
taaaacaaca
tagtggagtt
gecatcatct
ggttgccagg
tctectagag
atgtaagcca
gttggtcaca
caggaggtgy
tatttatatc
ttgctatatg
cactaaaaaa
tggtccatag
tecettttaat
tgcccagget
taagegattc
atgcgecacce
gteaggttgg
tgggattaca
aagcttactt
gaattattaa
ttactggatt
tataccaaaa
tcacaatgtt
gt.caaaat ot
ttecctetget
tttatttcaa
catgggtata
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ttcagtaatg
cocaaaagygt
tgtcrgttgt
gagaatatge
agctgcatcc
tctatggtyg
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ctgaggtttg
agtitttcagc
taccatettt
agtatttggt
atgttgectge

gegtacaast
cetitceocec
atatctacgt
Tttetgtico
aaaagacatqg

gatcctgtea
tcoctygttte
gtaccaastyg
tgecttaact
attttgttet
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ccecaggtygat
ccagcetgtayg
tttagcttce
tgettaggat
tttttatggo
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aagcataata
tagccgetag
atttaaaagt
aatggoatac
toctgtggtat

Homo sapiens vanin 2 (VNN2) gene, complete cds (SEQ ID NO:18)
gii823991411gbiDQ249347.11{82399141}

Coding Sequence = join (2009..2221, 2346..2476, 3857..4049, 7144..7432, 8375..8748,
10028..10198, 15403..15594)

1 atactaacaqg

61 tttccacaaa
121 ataagsaaag
181 ttatttatag
241 acagaataaa
301 acttitacca
361 ggggaaggga
421 ttattattgt
481 ctggagcogea
541 tctectgect
601 ctttutgtgt
o6l tcctgaactc
721 gccactgcac
781 aaaaatgtaa
341 gactaottoac
901 aggaggagaa
961 aagagagaaa
1021 tcectectotg
1081 gaacaaacca
1141 ataagtaagt
1201 ttttettagt
1261 tgactcaaca
1321 ttgggatgtyg
1381 ttgtictata
1441 agtacatgct
1501 ctttctttaa
1561 gtggetcacy
1621 ggagtttgag
1681 ttagctggac
1741 aatcgettga
1801 gectgggtga
1861 agaagaagaa
1921 tggcagecac
1981 tgctttcaga
2041 agttittgee
2101 tgaacstget
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attattatta
caatctcage
cataagtagce
tggagatggy
tgccacctey
Lttttaattt
gatacagaca
acttttaatg
gaaggaagga
tttggatett
gtattacace
attgtagtoe
gtagattctc
atcaaatttyg
cttagectgyy
agtacaaatyg
attcttggaa
agggetggty
aaaaaaaagt
geagggcatyg
atgacaaatyg
gttgatggat
cagagatttc
taaaagygty
aggcaactet
tagataaccect
tcectecactga
tgaagtacaa
tctgttitec
ttcteecatte
tttattgact
tectettatga
tetgatctee
tageccagtygg
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cotgagetty
ttgeaagttc
aagttacatyg
gggaagagct
atcatttttt
aataaagaac
atagattttt
cacatttttt
catagctcac
agtagctagyg
gctgtageta
cttatatcty
tocagtggtt
taactagggt
catcaagtaa
gtgttatcag
tttaacatac
atagaacctyg
coaactacag
ctaaaaggtyg
gagaaatcag
ttatattctyg
ttgcoccacttt
agtaggactyg
gectagaqgttt
ctgaaccaca
aataatttat
caggcagtta
catagtattt
ttatttgaga
tcactgcaaa
tgggactaca
gtttcaccat
accteccaaa
ttgtgggtac
tgcaatgtgt
attctgtgaa
gggaaggagy
gtcttacctg
aaaaaagata
cttyggaggga
tgtggcatga
caagatagat
aacaatgaac
atagatcagt
aagatttcca
at.ctgaagac
ccaataaccc
gocottetgt
ttttacatca
gracactote
aacacacttg
gtgttactca
ggtgtattgt
tgggaaagtc
tttggtgagy
toattatett
taattttcaa
caactccatt
gtctatgoat
aaactccact
accttectet
tgtgatgtaa

FIG. 7S

Ttcacatgrt
tttgcaaatc
agcagtggLg
ataaaatcac
caatttataa
atacctagaa
aavtLeoottt
Ttraaacaga
gaagcectcea
atttaaaggce
attaattcac
ctaatataca
Tgaatattaa
gaaatcatty
ggaagtcttt
agtggaatat
agtgtaacct
Tttaggeaga
aaaancatga
gectggactga
agtcaccaag
Taagccrgaa
ttececatgtet
aacatttacce
cccaaactag
Taagogtttyg
Tccattacta
agaagagtta
gtacatctca

ggrgcatgec
attggccagy
gttctggaat
atagraggtyg
aacaaltcaca
cttgtcatge
catagcacct
ctccagacca
Tgaaagagceo
geatcangat
ctittcactga
aagcgagaac
tgtatgtcaa
Ttgtotigtg
agaacccacqg
catgraggat
attcttggrt
gaatatgttyg
gtcatgcetea
Tccatagata
ttgtgtatoeco
ccatgcecac
cagaagcact
acttaaccte
atcaaatatg
ctaggatatt
ttocttetee
Tecacaacta
gtttcettcet
gtggcttcag
gatcatattce
ctitaaacaa
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agctgaatga
tetgettgea
attcaaatqgg
acggcaaaay
caactaatta
ctgtgagtcet
tgtcactagt
gtoettgatoet
aactcoctgyyg
atgtgccact
aaattaagcet
acacttgcac
tgtettectet
catattctat
aaaattgcaqg
atcatactta
taaggccata
atctcatgag
thaaatctac
cataaatatc
gtaaacttag
gatttaaact
tgtactcata
tgatgaaact
gttaaaggtc
aaggtggaty
ctteotttet
gagaatgata
actcttaaac
ctgtgttgoe
tgggttcaay
accacgccca
ctggtctcega
tacaggcatyg
tatatattta
ttagggtaaa
tgtatcacat
accgtttaaa
tttgcagaaqg
atgtgacago
gagggtgagy
agttcatcag
accaacttigt
ggagactctt
agtgcagaat
gaagcctgag
caaggltgccce
tttttagtgce
tttctagaaa
ttatggette
tttacacgtt
tcaacoocea
aaatgtggaa
ggcagagtct
tgaatttect
ataatgcatg
tagtcatttt
acltccaacta
atgggttcat
gttcttgttc
gctagatceta
cttettetet
ttcettetat
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14241
14401
14461
14521
14581
14641
14701
14761
14g21
14881
14941
15C01
15061
15121
15181
15241
15301
15361
15421
15481
15841
15601
15661
15721
15781
15841
15901
15961
16G21
16C81
16141
16201
16261
16321
16381
16441
16501
16561
16621
16681
16741
16801
16861
16921
16981
17C41
17101
17161
17221
17281
17241
17401
17461
17821
17581
17641
177061
17761
17821
17881
17241
18C01

gaggtagaaa
coogecatga
ctgtaatceoe
gaacagecty
cttggtggca
aacccagcag
acagagcgag
gotgtecaat
cagcacacca
acacacttct
ccaccataca
actccgtgaa
ctcttctety
caccattage
ttgtcttgea
ggttacattt
tatgtagtaa
gatttgacta
atgttaagaa
ttggtaaaca
tacacaaagg
ctaatattca
tetttatceac
tttactaaga
tttctoatoea
ctgaaatgtt
gatcaaactc
gtatgggagt
taatgatggg
ttcacctagt
gtcgacattt
caagttcata
aggctatggce
gttacactat
Jaagtaaact
ctgattttga
aatactttta
taaacctact
ccttttataa
tatttaattt
goaattrotaa
aaagttbtat
ctctgtcacc
tgggttcaag
accatgceccyg
ctggtctega
acagycatya
aatttgccaa
ttggectettyg
gctgacgtta
ggacagttct
caaaaaacga
attgecctgca
tcaaacaacc
cccattttat
gttygcccagg
ttcacgceat
cgcectggeta
Jtctcgaact
ggcgtgagec
ccttgtggtt
gotttttteeo
cacatgctea
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acaaaaages
tcccaccage
agoactttgy
ggcaacatgy
cgccectgta
gcggaggttg
actccatcte
ttoctggaaa
ctggtittaa
gtctcagaat
gocccttgaaa
acagaccagt
atacactgat
tottiagott
cataatcgaa
gattgttgaa
atggctgtec
tacattatat
agctgactygt
agaatggatc
actcacttta
tattattaat
tcagettectyg
aactttgaaqg
ataattattt
gecagtygtgga
cagctocage
gaggagtttc
aatttagagg
tttctgtget
atttctacag
tcaaaggaga
gtaatttaac
tttcageatt
agtatatttg
attttoagat
cataaaaaaa
tatggatttyg
tctegtggtt
tgagaagagc
agctgtaatg
gctetttttt
caagctggag
tgcttotoet
gectaattttt
actcctgacs
gocacaatgns
gttttgettyg
ggcaatgacy
aacaaactgy
gattcaaget
aagcaccaag
ccacattita
caagcatagt
tttattttta
ccggagtgea
tctectgect
attttttgta
cctgacctea
accgegeccy
ctggagatag
tgaaatgcte
gcagceagoet

ctgacttatg
ttcaagaatyg
gaggoctygagt
tgaagcectyg
atcccagceta
cagtgageca
aaaaaagggyg
tttaacaatc

gagcctttge
gaaattcocta
tcagtttttt
aaactgattt
cttgagggaa
ctcaatgaat
actaaaatct
cctgoctgge
ctaggatggt
acttttcocroa
atclgggect
cagctcatgt
gatcataget
catcatatge
ggctatttea
tttaagtatt
acaatggaaa
cteoatttgcet
agggccattyg
tttatgactg
aatgtttatc
tgaacgtagt
cectgacccag
aggcagaaat
tggttgactt
ttattgatca
ttattttcectg
cacaattgaa
attttaaaat
agtattaaga
atacatattc
aacgtgcatt
ctttttcttt
tgcaatgang
gectcaaccet
gtatttttag
aggtgatcca
ctggoettett
aggaagttag
tttcatttge
tttgagtaag
tggagctote
tgocaaggaa
acccecatctee
ttcatttgge
cttatttatt
gtggtgcgat
cagcecteoctg
tttttagtag
tgatccgecoc
gcctecatecce
taaacaaagc
ttttacaact
tct
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gaatttgcca
gatctgttgg
tyggaggacao
tctctactaa
crggggaget
agatcatgcece
gaaaaaaaga
tgttctcatg
argagaactc
tggttcaatyg
acagcttgag
ttttctcaga
ctectetttat
ggatygtgatyg
tgetgetget
tgggcectet
ctacttgcty
ttcaaaatga
ccttttettt
atactaacag
gggaccagca
ttgcaaaata
ttggctgaat
gragtataga
argataatygt
gagectgggt
tgagacttty
caaacatagce
aattcecettt
aggagattta
trtgagtyget
ggcactcata
ctcataacac
tttacaaaat
tittaattcaqg
atttttatct
gcatttatcet
tctactaaaa
gaagaaatat
cctatgttca
tgtgtatata
ttettttttt
ggagttcage
cccaagtage
tagagatgga
ccecactttygg
trtteetttte
atgttgtgca
agaagtttag
aracaagcaa
agctgtacct
attaaagage
accgbggttt
crttatattt
tatttatttt
cteggetcecac
agtagctggg
agacggggtt
acctcggee

attctaaaat
tcttattttce
tcoctggttac

FIG. 7T

gttttcattg
cagagttiga
atttgaggoeo
aaatacaaasa
tgaggcagygs
actgcactcce
atggctgtgt
agcotgtgea
acattgcctt
tccacttcece
tttttggeag
cctectagea
gtttagaatc
tataactctc
gattttgact
tgaattgetc
catcctecta
ttaatttgct
aggtgctgaa
tgtcactctt
attcagcaat
ttgtaatgtt
gtgtttateg
ccagtgagtc
tgtocatttt
gtttgggtcea
tgtgtatggy
tgtgccettyg
gacattaaag
ctttccaatc
agaagaatiyg
gcecccagetyg
aaagaccatyg
acacatattc
atactcttaa
cccaasagtat
tttgttttta
tacactagaa
ggaagttaag
gcattgggac
gtocaaatca
ttttttgaga
tcattgcaac
taggaattaca
gtttcgeeat
ccteccegatyg
ataaagtatyg
gtggttttgce
atgttgattyg
ggagcteoctt
cagtttgtts
acttaatget
ctcacatacs
ctttgataac
ttgagatags
ttcaagetee
actacaggeqg
tcaccatgtt
cccaaagtyge
ttcatgttag
tectatttygy
agececoetgt
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tgtcaatatt
tagcteacqge
aggagttaga
attagctggy
gaatcacttyg
agectgggty
ttaacagcca
ccactagctce
gatctgtcac
zacaatgtctt
cttgtgtcce
cttacctgtt
cgctecattt
tggttceatga
ttccattaat
tagtctticat
aatcagaaat
tttaacttcet
agatgggegt
tgggaggtyg
zacttacctg
stagggegte
gcttcececaag
ctaaatattt
tttygetact
gataaatgaa
ggacttgtat
zagagastag
actatttgaa
zaaaggceaat
atggcectatte
tceccacctta
ccagttaaaa
catgctactt
zattaaagaa
tttteagtte
catattygtca
zagteagatt
ccacactttyg
atcaaagatyg
tataatcatc
cagagtctcea
ctcegectece
ggcacccace
gttggccagy
tgctgggatt

agcatgtatt
aagatcaaca
tcacagsaay
zaaataszaaa
ctactgraaa
tttbetttta
tatctttcat
gtctecgetet
gectecegygy
ccogecacca
sgeaeggaty
tggaattaca
ttcttgagtc
ctttcattag
attacaaagt
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Homo sapiens vanin 3 (VNN3) gene, complete cds (SEQ 1D NO:19)
gil770221151gbiDQ220706.11{77022115]
Codmg Sequence = join (1814..2026,2123..2253,7573..7765,9494..9781)

61
121
181
241
301
361
421
481
541
601
661
721
781
841
201
961
1021
1081
1241
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1s81
2041
2301
2161
2221
2281
2341
2401
2461
2521

581
2641
2701
Z2761
2821
2881
2941
3001
3061
3121
3281
3241
3301
3361
3421
3481

cgecttatac
ctcazgttte
ctgggagaat
gJaaccaagaa
agatcaatcec
aacttatgtce
ctgaztitat
gaaacactgt
caagggactt
tacaatttte
agaatcagag
aaggagattc
cagagettag
ccttaaggga
cactttttga
taaagtaaat
aatagactog
ttcaccatct
cttaccctec
tggatgttct
catatataat
gtgagagaca
actggagteg
ggctrttteaa
tatgatgact
trhttttttat
ggttggctca
acttgaatca
tgetgtgtty
aatgtaaagt
ctaastttta
tgctctgagt
attaccaaac
gaacatagat
tacttgtaaa
ttgeccecact
tggttggate
agtgcactgy
aaaaagttgt
gttoataaat
acttttagtt
cgetygaggat
cagceecttge
tctttatgge
ttggttttet
atgattttgt
gtgctgcgat
Jggtatatacc
aaatctccaa
aagtgttcce
gactggtgtyg
tgttgagtgt
gtteatgtet
aagttcectta
cteccattct
tttagttaaa
ttagtcataa
aggattctta
gtacatggtg

acctagygaay
tattgattc
gaaggggaat
aagagttaga
atctgtttta
tgatgtctga
gttcatatgt
ggggtatcty
tgaattatag
cttagatett
atttaaacct
aatccaaast
cacagtataa
cttataagga
attattgatt
tgcatctcaa
cccecatcaggt
gtcacacatg
aggggccaca
gaaagaaaac
attaagtatt
ttcagecagea
atttgggagya
atagaaatgy
acctteccaat
tagaasagac
atcttttagt
atccaattac
tgtaatatat
ttttccagtg
gttatgatta
gttggtgcac
agaacagaaa
gttttggaga
ggagacttgce
tgtttegage
ttcaccaggy
attccatgta
gatttggtaa
agtcaatctg
tagattgagy
tgggttacsa
cttectetet
catgagttc
gttcoctgtgt
tccttettgt
gaacatacaa
tagtaatyggyg
actgctttcc
ctttoteeat
agatgatatc
ttgttcacgt
tttgccecact
tggattctag
gtaggttgtce
ttaggtcecoa
attattttec
tagtttgagy
aaagataggyg

casagacatt
aacacacaaa
tcocecatatgt
atittcaactt

catagtticc
tgaaaacaat
cecttattoeoo
ggagcagaaa
aaacaaacca
ageaagaate
tasaaaatat
tgggegaggyg
aattctatag
tgatatgttt
agrcttcecata
taacaagaat
agtagatzoo
tgetggggtyg
tccrcaggata
agcaagtitc
ggrataatat
cagaasaaas
actctagggy
ccatacaaat
attggccecta
ttcaactcgac
gtigactiga
gtectgygcetyg
gtgcaagaaa
aaacaa’aacyg
tatcacattt
tggacacttt
cacctgtztce
aagcagtiaa
aguttggica
aggytygcaca
agagecatota
gagaccccty
aacaccaaca
tggecatagga
gagtacazgt
tgattgcacc
ctetetecoe

c castgcttag

taacttgcty
gggcaccay
gtgcacgagt
attgtgagtc
acaatggoetyg
agcatctztt
tcattgtogt
gttttttgge
tttcaatgyy
atagtagacc
tatttactc

catgtcaagt
aagyttcaty
tcatacattt
gtccagtute

actaacaaca
aaaagctggt
ttcottttga
gaastatgaa
cteottetect
ttatgtcaga
tgaaatggta
tatttyggata
aacccaaasat
tcaagaggga
tcracatttt
aagtgaattt
aagcageaga
aaaaaataaa
togaagegyy
gttcttasaa
gtecattcaac
atgaggttca
catcatctct
tttttaatet

ttaaattaaa
tgctatagga
gagctggaac
atgtaagtag
ttaatagaaa
agtgtgtttt
ctectgaacaa
tcagtttict
atataaacag
taagaatctyg
tccaaaatgt
tattgctgca
aaaagaaqgaa
getggeageyg
aagagtattt
tatcattygty
ccectatcta
gaggtaatat
gtaaactcac
tgtagatget
qraggtttgt
acccagceata
tctattagtt
ctceceactta
aggataatgt
gttaattccea
attbttggta
gaatggttgc
aactaattta
attatttgac
tttygcttgge
cacttgtatg
gttatttgtt
tthgttagat
gttgatagtt
thtgttttig
tccagaatgy
aaatctttaa
aatcttctge

FIG. 7U

ttgggtsatc
acatttccty
ttctattcag
asttattttc
cagaaatttt
cataaactca
tcaggygceata
atggaazagt
agacacaaat
gaagcagtgt
aesattasctyg
azctaatcaa
gaattataat
agaattaaag
tttaaactyt
ttggcaatgt
attcattcat
acagtgagca
gtctagatgt
ctttaagaag
ggtcaagaca
gttcagaaat
ttagacggat
agtgctcaac
tagttggctta
ggactggggt
tgtcaacaac
tgcacaacat
ctgattgceca
agtttgrnttt
gtggcagttt
gtatatgage
getttgeteo
aagcaggtat
ggaalttcatyg
accecagaaqg
gaggatatac
catatcatta
tgaattogac
ttttttrcece
tacatgggea
gtataceaca
cceagtgtet
taagtgagaa
cotttggtyge
tatctttget
gaatgatttc
tgtgttttaa
catttccacc
tttttgttaa
atttectetyga
tcetettttyg
ttgtttitge
gectaguttg
gottttgctyg
tbgcaattgce
tgcttcttag
tccatcettga
atatggctag

zaatatttaa
gaactagogy
saagtcaggt
Ttatcatcea
Tttggaaaaqg
gaatttaggyg
aggacataly
ttattoaaac
cteccataact
Taattgttet
atattcaaac
eaaacattta
gtgaccchge
gagaacttaa
aga’agacayy
Tcaaaggtygyg
atattgaget
ggacacticc
ttattogaca
azcaaaacata
sragcaagga
stcacttagy
ggagaacaag
caattgttge
ccagdaaaat
gaattcatct
Tgcactgtac
ccltttctecaa
ggagyggattt
Tcaaagatca
Ttgccctect
atgcggtgat
wgatgaacaa
taccatttta
acaaactttt
atggaatcta
cagaccehygy
stttctaaac
tggtaattgt
“gtaatttca
zattgcatga
guaagutttt
attgctgtea
catgcagtat
Tgcaaaagac
gttgtgaaaa
ctittcetitg
gttctctgag
zatagtgtgt
cagtcattct
Tgataagtyga
agaagtgtet
“tattgattt
caaatatttt
tacagagctc
ttttgaggac
sttttettet
gttaattttt
ccagatatte
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4501
45¢1
4621
4681
4741
4301
4861
4921
4981
5041
5101
51€l
5221
5281
5341
5401
54€1
5521
5581
5641
5701
3761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
€6¢1l

2721
6781
€841
6901
6961
7021
7081
7141
7201
7261

cagcacctot
agctacagat
tctatgtgue
gtgatgcanc
tggtteccata
tttgttagaa
gggaggooaa
ggtaaaacce
aatcccagcet
gtctcaaaaa
tgecttatgtt
tactgatgac
gegtggtgge
gaagocagaa
aaatttagcecce
guaqggatcac
tccageetygg
gtggctcacy
caggagttcyg
acattagctg
gagaactact
ccagacltgygg
ctttratagt
acctgtgtee
acagtaaaaa
graatcaata
accacatttt
tetgtttcat
caagagtaat
ctgtcactat
ttcttgtoct
taaagaaaat
cttttaaaaa
tttaacttge
agagaaactt
tacaacattc
aaatattctc
atctacttge
tgaggcttac
aaaagatatc
ggtgactgat
ttcagtttig
agaaagtcag
ggtcatcctt
ttttecatgag
aaattaaaca
tacttctory
atctgteot

agagagacat
cacttactuy
tgtagttgge
tgattgatca
atggactcta
cacttattta
ctgcectecact
gacccatcuc
ttectattont
atgtctgtac
gttitacazt
ttttaattot
ggagggtaca
gcaaccttgt
gctaaattic
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tgttgaataa
ggctgtaggt
tgtttttcta
aggotttgtt
tgaattttag
atagtgttga
ggcaggrgga
catctctact
actcgggagy
aaaaaraaaa
tcatagtgta
tagttggtta
tcacacttgt
gtttgagacc
aggtgtogtg
tggygcceay
gtgacagtaa
cctgtaatcec
agaccagcct
ggtgtggttyg
tgaacccagyg
caacagagty
aaatgtgtrt
caaatacaag
gatgaatgag
tggcecaatgg
acgaccacct
tatctygtaaa
gaagtaatac
teottttttt
ttgagagact
atgcataata
tagtttaaga
taattttaaa
ctttgataat
aggcetcaget
taaacattgce
ttatgaggcey
acgaaaatgt
cataaatttyg
gaaatgtcaa
tgttacaaaa
ttttctecet
gtgcatttaa
taactagtaqg
aagtacatga
ttttttttag
tttattcaaa
ggaatggcect
gtcccaagaa
attactattt
ttagattggc
agggcctaga
acagagrtgag
ttaactbcct
ctataaatta
ataccragga
ttatctcagy
tgacagatga
taacatttce
aactatttac
acaaattatg
aagtgcttca

chrtibtgttt
aaatbttgtt
agctygggtge
ttacttgaga
aaaatacaaa
ctaaggecatg
azaaaaagaa
tatcatctgg
tttgttgcaa
aatcccatca
agecctgogea
gctcacacct
gagtttgagy
gaccttgtet
cggaacttta
ggccaacatyg
tgcatgecta
aggcagaggt
agactccate
aattgggttt
taagttggott
cctgtttcca
aaattgtata
agctgagtga
acagggataa
acatggaatt
tttttgttaa
ttagtaatta
aatatgatat
ttatttettt
tttacatgca
tttacctaty
atgtgagtca
atggtctgtg
tttcccagaa
actgtatttg
ataattagect
cattatgaac
aggagaaatc
gotgatattt
atatttagaa
gaaatattaa
taaagttatt
aagaaaataa
gottagttta
ctaatcacac
ctygtacctygg
gratracaaa
tggaattaaa
tgaaccatat
chggrttgota
tbtegbetttt
agccetbttcaa
taaatatott
atttctecatg
agaaactgaqg
actacttaca
tgtcacctgg
gcttggatta
tatatcttcc
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coccatactt
gtttctagge
gtitgttttyga
aggattggtt
tataaatctyg
tgtgggtcat
ttaggagttt
aattagetgy
agaattgectt
gaaaagaaat
catatctceet
ttgtctttca
ctytgggaag
gcaaagccag
ataatcccag
ctycagtyayg
taaaaaaata
ggaggtggayg
gtgaaaccce
taatcccage
tgecagtgage
tcgaaraaaa
gaacaaagtg
catccatgyga
aagagctttyg
ggacttgaaa
tgtaagcgta
tagagtocct
tgtacartagt
cagaagggac
ttagtagatyg
ctatgaaata
aaatggcaaa
cectgtttaga
tgaaattaaqg
aacctcacte
tttacagaaa
caggaaggaa
actgggctaa
atcgataaat
tcttacacct
cagtatttaa
atccectgaag
tgctgacatyg
ataactcaaa
aaaggtctta
aaagaaaagyg
acctcaattg
aatccataat
tatactatac
tatgtgaaaa
acagctatgt
tataataaaa
aacatttott
tectgecatte
atatttgaaqg
taatatggat
tggatccact
tcagtacagt
gctatattty
catttctgtt
tagaaaaggt
tgggagcact

FIG. 7V

attttrgtga
tctetattet
ttactgtagce
tggcgattca
tgaaraaatg
gcctataacc
gagaccageo
gtgtggtggt
geacgataga
agtgttgaat
gtttggtaaa
acaatagtag
ccaaagcagyg
accctattoce
ctactcgaga
ctatgattgc
gtaggtatag
gtgggcaaat
atctctacta
tactcgggag
cgagatcacg
astagtaggt
asaaagttygg
cacctgecte
ctatcactat
asggaagoce
tsacctaaat
tsattctett
astgractot
tgagtctgaa
taatttaggce
gattatttia
attgatgggt
actacaccta
tggaaagtca
tgggatttig
ccatgtcact
tcattatttg
tgaaactgac
tattttaagt
acttattcaa
tataatgata
agaatagtag
tcaaacagit
ttatttagtc
atgaatatga
tctaaaccay
cagaggggcet
agcaatttue
ccattattac
aaggaagget
catttaactyg
tttttagtga
grteottattnt
tatgectatgt
ccagetatca
ggacttggna
aaggcagaaa
gaagtgcttt
ttrttttata
tccaaccaca
cctetecatct
tcataagaga
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actttgtttg
gttctattog
cttgggtaat
ggototittt
acattggtag
ccageacttt
tggaocaacgt
gtgtgectot
gtgagactet
ctgcagatac
tgacttgaga
gtgtgaccag
aggactgett
ggcaaataaa
ggctgaagca
accactgeac
gcegggtgty
cacctgaggt
aaaaatacaa
actgaggcag
ceactgeact
atatacacaa
aatatctaga
cttcacagga
cattcagaat
tacttotggyg
gechtaacatt
acagatcaga
ccaatgotag
cttetttgty
ataactttct
gttgtattaa
taagaagtca
ttgtgcaaaa
tgcttaatygy
ccetttyggaa
atgattcaac
ctygcagttga
ttttccagygy
tgggaaagta
atgacaacct
atattggaaa
agaggeatge
cecatgggett
aajaaaagaa
atattaatag
taggccatta
gtgagttcart
atttactgag
attcaattta
tatgatoteca
tgctaacgga
ctagcaaatc
ctgctgaaat
tcacacatat
ccatgctaca
aaacaattto
ggaagctatt
ttatttttta
gagacaatct
tetegtatea
agcagaatcet
atgtgctgcet
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7321
7382
7441
7501
7501
T62%
7631
774%
7801
7861
7921
7981
8041
8101
8lel
8221
82381
8541
8401
8461
8521
8581
8641
8701
8761
8821
8881
8941
9001
9061
9121
2181
9241
9301
9361
9421
2451
9541
9601
96561
9721
9781
9841
9901
9961
10021
10031
10141
10201
10265
10321
10381
10441
10501

10621
10681
10741
10801
10861
10921
10981
11041

tetttteate
ggagtttgge
gttttaaaat
aataaagtat
ctattgaatt
caactctate
tcagtgtccee
aaaactgttyg
ttcttotgtyg
gttatagatg
atataacegt
atgtgacaat
tcattcatga
getaccatgt
atggctttaa
aaggacaggt
cctetagete
gccacattge
gtatttctee
gtgcctttee
ggaggagcaa
acatgcacac
agzsttaagtyg
cttactaatt
ttctataaac
gtgctgttga
ttcaacotgt
ttcattecart
atagatggtyg
tgttgttgtt
gcgatctaegyg
tatgagtagce
gtagtagaga
gatccaccey
cctatgtgta
gaaagachtta
tttttattaa
agaacttgtqg
tttttctceat
cocacagceat
goccaaggcca
acaggtaact
attttcaage
aataatagca
acattattat
atcaaagaga
tggttgttta
taaaaatcta
ctatcccatt
tgtggccaaa
aaaccacaat
caaacagatg
tgtaaattag
gaactgocat
ttctaccata
acgtggaatc
tacaccatag
tggatgcaac
ctcocgtgttct
atagacacca
cctattggat
aacatgcaat
agrttggaaga
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ctcetottoc
atagtaaatt
atttteotgtt
cactttggta
agattcggca
tatgtcatgg
cctgatgygce
geacgctace
tgcttgtyggt
catattataa
tetgggttty
agecacacaa
tttaatatca
attcocattag
aaagatggaa
ctcatttcag
tectagecct
tggagcaaca
ctoctagaac
tgagctaatc
gaggcectcca
aacaggccaa
gagttttgga
aataatatygt
ctggecagtat
aatttaaaga
gattttaaga
ggttgtaaaa
gtatagtggy
gattttggaa
ctcactgcaa
tgggattaca
cagggtttta
cctecagecte
acacttttaa
attgatcaca
cagtacaatc
acttttgaca
gacccecagetyg
ggtacaacac
tgggagtcaa
cacgegggec
cacaaacttt
tttgttccta
ctcaatttta
gttctaagaa
aagagataac
atatctagaa
aaaaaatgga
aagcatgtaa
gagataccac
ctggegagyt
ttcagccaca
tcgactcecage
aagacacatyg
aacecagqtyg
aatactacat
tggaggtcat
cacgagttga
gggtttactt
actgtgctca
tta catgt
aaaaaataca

tcttecatct
aggttagett
gattcttcac
tttcagaaat
acacaccagt
ctaatattag
gttaccaata
ataaggtgag
atgtacgtgt
ttattacatc
catttatcat
agcttttaat
ggttcatttt
gacttttttg
atttecttge
tgcagictga
ttgttacage
cgaaattcac
cttgcaaaqq
accaaaggat
tggaccacag
acaaaaacct
aaaagaatca
agcaactgea
cattgggaca
atatagtgga
tacacatttt
aaaataaagt
gatgattott
atggaatctt
cetecggacte
ggcatatocce
ccacactgge
ctaacatgct
acctgeatgt
tetatotgge
tttttgecaco
ctceetttygg
tggtggtggt
gebtgececta
tctacttget
tgcaccaagt
tgtttaataa
cttaaggaac
cttgaaacga
acttcctage
ctacagagca
tccataagga
caaaggacat
asatgettaa
ctcgertecag
tgtgaagaaa
gtggaaagca
aatcecatta
cacttgtatg
ctcatcaacy
agccataaca
tatccozcage
agttaaacat
gJaggggggat
ctaccoygggt
aacaaacctt
aacagataaa
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tttettteet
tcaggaagat
ctagagetgt
cacteaaata
gcaacaaaga
ggacaagaady
caacactgat
catcacttgt
gtrtgtttgt
atagttgaaa
aaaacagaat
gttctctgaa
ttagceccaat
attgcaatga
ttatgcacat
cactcagaqgg
ttetttetea
atctttatca
cettateget
gagggatagy
aggtgggaaqy
gagcaaaaca
ggctgaaaaa
ttgtctaaat
catygacaaaqg
azacaatctyg
cacattttaa
ttttttatta
acaasatgtat
getetgttye
ctgggttcag
atcatgectyg
caggctggtc
gggattacay
caacatacat
aguttbctta
Tgaaattocaqg
gaagtttgge
ggatgagttt
ctcecteggoty
gcaaatacce
gggagtgaca
ctittattacc
gttcettgtce
aattggaget
caatgtgcat
gaagaaaata
acttaaacaa
gaacagacac
catcactaat
tcagaatgge
aaggaaacac
gtittggcgat
ataggtatat
ttaattgcaqg
gt.gasgtgga
aagastgaaa
gaatgaacac
tgagtacaca
ggtgggagga
gacaaaatcyg
cacacghttce
aatatttoaa

FIG. 7TW

tcagtettygt
aaacactgta
tgtgttatgyg
tagtaagttt
ctcagetgeco
ccatogcaatg
gtggtgtttg
gecttagete
tgaatgttygg
aggagattta
atggtagagt
aaagaagtaa
ttgttagecat
aaacaaaaca
gtaaaaatgt
ctcecaaagtt
ggggaactct
acaaaatcta
ccttgattea
ctgccacatg
tagectctcoee
tatgctgtac
taaaataaaa
taattttcaa
tttattttat
agaagtgtag
atatcatttyg
atgtcacagt
gtgtaacagt
ccaggctgga
gggctceececca
gctaattttt
tcgaactect
gcecgtaagececa
gagaggaaag
ttaattttbct
tttgatttcee
atttttactt
caattgacaqg
ttcocttcea
acaacaccaqg
gtcttaggaa
aattttaaca
cttgtgaata
ggaggaagtc
tagtaatatc
tttgcaaact
atcaacaaac
ttetoaaasag
cattacagaa
tatgattaaa
ttatacactyg
ttetcagaga
accagaagga
cagttttage
taaagaaaat
taatgtcett
aggaacagaa
tgaacacaaa
gggtgaggat
tttgcacacc
cettotatbac
grattaaaaa
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actgtaacct
tcacatgaga
gcaatgggca
gaggaaatgt
tggccaagge
ceagtgacte
attctcaggg
aacttgtitac
guagagaact
attcagttce
atttaaatgg
acattcetgtt
ttcatactasa
tcaaatgaaa
gtatcataga
atcatccacc
ccttttagaa
caggaaggygt
attaggtgac
ggaggagaaa
cagagcacac
toccectgageoc
ttatgaatgy
tggacttcac
taacatagtsa
gattcaagat
tacatgtggt
aagazaacgt
tttatttogt
gtgcagtgge
tgcctcagec
tttgatattt
gacctcaagt
ccacaccigy
atttaacggy
tottotttge
ccaaggatte
getttgacat
cattctetac
ttcagcacgg
catgcacatqg
ggcttcattg
tcacaaaatt
aaagaggcaa
atgtaaaaac
Jgaaataagtc
atgcattice
aaaaaacaaa
aagacatbaca
atgcaaatca
aaataaaaasa
ctggtgaaaa
acttaaaaca
atataaatcca
aatagcaata
gtgatacata
tocaacaags
aatcaaatac
gaggggaacsa
tgaaaaacta
aaaccccage
chaaagataac
adaacthgtt
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1:01
11161
11221
11281
11341
11401
11461
11521
11E81
11641
11701
11761
11321
11881
11241
12001
12061
12121
12181

2241
12301
12361
12421
12481
12541
12601
12661
12721
12781
12241
12801
125961
13¢
13081
13141
13201
13261
13321
13381
13441
13E01
13561
13621
13681

3741
13801
13261
13¢21
13581
14041
14101
14161
14221
14z81
14341
14401
14461
14521
14581

gaegtoataa
catgttcaas
cecaaacaca
attttctagh
cagtgcaagt
agctatectcece
ggaatattct

scagagagty

taccctgecayg

cagtcagact
aatacaggas
tctgagaage

tottageaay
ragttotcoag
cogtecagott
aggatattct
gatatttaat
angtgcaaty
agtgttaatc
tttgaaaaat
trtagetgag
tatgtgcatt
cagcttttac
tccecacagat

as ctatgatatyg

ggagaatttg
aattcacaga
ttgcatggTyg
gqggtatact
tttcatgagt
tgttggctyce
cttccaacac
cttgcctgag
toctttgace
gtcttagtua
ggatctgggs
Jazaggaagea
agaaacaaat
3¢ tttaca
tatgtgactt
aggaggtoect
atatcat

ar

ggttaaccat
aattggtoga
cttgagggee
acttgagety
JCPtgcaﬁ:q

a:ttqactc'

gtagegs

: tgataaattc
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aaatctettt
graatgecagyg
zataaactaa
ttgttgctas
agtaccttat
ttaactatct
tagttggt
goaatcts
gtcagctgtt
ctgttgacty
ttctguggat
:ttacacagce
aaabacaﬂg@

tgacttaatc
cthoottttt
atcgtcagLyg
gttagetta
ggaggaca
tgaaaataty
caccataaca
cagas

gctatc
gcatgcgtat
gatttattct
tugccagaas
gatctatgece

agaa

ggtagac
T tagotcat ttgooetttaot
<tgtt2tcft tatctctoaa

z2acagaattsa
caggceoaggt
actttagageo
acctcateaac
tgaaatagtt
cactatgatt
ctgacccact
acttettaty
zaaatatttyg
actgaagtgt
caagtttygaz
cattctazgt

gttcttttag
tcaggbtta
agtgttttzc
ccagtgtage
tatgaaatas
tttaaaatc
atattga
aggcaattta
caagthttat
caaaccaciy
gacttctcee
gggagtcage
crttgagcag
agcaatatcy
gaatataaat
trttaacata
taaaaatgtt
aaattaaac
gutgttataa
tatttttatsa
aaagtocrzce
gtgatttt
ggttgtaacce
agatyggacge
tggaagagey
atctecttis
atccgttagt
gqaageagatt
agcacag
taagtatg
ttttgeacta
avgtgttgat
tgtgtctot

cagacggtoc
aacaagaagy

atgagagtat

gggttcattt
Jaagctazaa
tagaaggtygc
attttgagas
ttgaagasaca
actttogeac
caaateotgt
sagggctecta
agattteczay
tggeceotygta
zattccagty
saaaaaagay
alaataaact
tgtttogtat
taactatatyg
agaaaaatcec
Jgttaatttt
tgtttctggy
ctgagtazayg
tgcagagzaa
Jatagagatc ttctectgec
gaattgacac catcaactct
catctocage tigocaaatgy
gagccaatac cttatcatas
ggagaaccct gactaatgea
agggtatttyg attccag
agtaactaty aacaactitct
taagttctat ttatatggas

Za

a cecattctaca
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aggtttttag
aactghtaotyg
gagagctaaa
aactatgcee
gagtcaaatt
tttaataac
aatctgaaac
gqoagtcaagy
tgaagtctc
gccageaghtyg
gJatgagttia
gatctgtoht
ctaggtgett
ctitaataty
ttgaaaattg ggctggattt
tottgtecccece agaacacatt
. zaaacataaszs
8 L tthctotgta
aaattgtctt caactaaatc
caagtggaty
titaaaatag
tagtctatta
taggattcat
aatatgeatt
gactccttat
acctggaaac
tcagtggcac
ttgecocetgea
agtagatggyg tagagcagcsa
tggttcacat LuLacaaga“
tgtggtttta ¢ ettt
aatgtgatgt tgatattcaz
Jactgctogat zatggcaszsta
cattaaataa tgcatctacs
ttatagtaat aactaatatt
catattattt gaccacctgt
tactttcaga cttgaaacat
ctactttagy
sctgaagtta
gaagtggagce
acocto )
tttaggattsa
zaaagatgtt
caagtgtagty
agocaogeatto
ggagcegtata
tgtateceag
catgagatgao
zaggaagagza
ggatggteat
zattcatttt
cctggttcte
ggccttcgas
tgtggogattt
ctetotatob
saatacatag
zggaaattas

agtttoetect
ttatttgttyg
sttattectte
cocaagtoas
ggaacttagg
tttgtatttsa
caatgtttgt
tgta cta
ggccocogooey
tcaagccatt
cctitcaccaa
gtaacttaac
ttgatcgact
ttaaagtggce

tatttgactt
taataagttyg
tatagtttyga
cttototttt
gtgtggagaa
ztttyggaacy
aagacatitat

taaactctge
Ltgaggageo
titgagaagyg
gcagagccct
gtctgtttag
Ltgaaaagcdas
catttatogy
tatgtatagt
actgcactaa
trgactggygt:
agggtgtttc
tccceagtgt
aggaggtity
ttcatgtoct
tcagetctes
CAYACCAAC
ctttot
c*tpatttgt
attaagatac
tagctagtat
attgga

FIG. 7X
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ttatcatacc
aataacaaat
acgttogogy
atgataatzt
ccaatgtaac
acttcac
atttatyg
tgacatggas
tgagcacace
trtectetgas
gcttaagaga
tracaag
gcacacag
cttattat
agoctaattot
atttgttcag
geaaattgat
tretoettioe
cagagaaaga
taaaaaaaaa
agetattatt
cagtataaaz
ttacctgcay
aattgeatta
crhceatagys
cetgtogygt
cgttatgtct
gaggtaggay
taatgaaaat
acaccttaaza
aggeoctagtgat
ggcaacaggsa
atgttgteat
acttatttic
trgtata
gcaacaaatt
gqaacctgogt
agggagtoat
accctttoct
ceckttgeo

citagogoay
gectggetas
ataaacttac
tgcaaattoe
atactoecary
trttaaatagyg
tgttgttteo
ccagataget
acagcattty
cgteceagtee
crLgoccagact
aggecetteay
tgacaccce

crcagectte
coctgttgott
gatgaacttt
agaataa 1
grcatgacta




U.S. Patent

Mar. 8, 2016

Sheet 38 of 43

US 9,278,086 B2

Mus musculus vanin 1 (Vnn1), amine acid sequence (NP_ 035834.1) (SEQ ID NO:2)

61
121
181
241
301
361
421
481

Mus musculus vanin 3

1
61
121
181
241
301
361
421
481

1 mgtswwlaca aafsalovik a

llegaivsaa
pvgerlscla
gnifmgedgfl
mdviphliaai
llfaglkshp
dlicchlsyagm
trfemfslsg
ygkdwasnas

masihfpqgwa
lesaiklaar
vgerlsclak
nlfepeiqgid
ntipllsavp
llselrsrpr
cgkdlcchlt
saftkfeels
vagrvierdpp

kggahiivtp
knnsiyvvan
nvprepefvi
efhsawamgn
thapvnwtay
sekradevya
tfgtryvipe
sdfiahslii

edgiygvrft
mgdkkpents
fdtpigrfgv
gvnflaanlh
assvestpltk
fgafdyglhtv
viisevkiap
mlivtpiihy

rdtiyvpylee
dshcppdgrf

frefdilfhd

npsrrmtgsq

qafqaxvff
egayy.L <
g@quscdgr
ic

ipdpgvnwip
dvvids
pavilvtefqg
ivapdsprvi
defufvelky
Ilxckttnlr
lvsikptsgp

aqynt

sldtflaa vyehavilpk dtllipvshge alalmngnld

cdnpkrfgst
ggklvaryhik
vdbtilfptaw
nydrktgegk
ikgnytvegn
tegssvdtaf
vitigifgrl

(Van3), amino acid sequence (NP_ 036109.2) (SEQ ID NO:4)

vsivifagav
qggahiivtpe
ensiyimani
fpkdselvtt
fhsvwaramg
ghatpaevnw
vkmsesrmde
lsgtfrtkyv
rlgggpgklg

gsndtfiaav
dgiygwiftr
gdkxkpcnatd
dtpfgkfgizf
vnvlaanthn
sayartvkpt
vyvlgafdgl
fpqivisgsg

vehavilpnk
etiypyled:i
pheppdgryq
tcidifsydp
tsmhmtgsgi

sggadipgk
htgegqyylq
laleryyevs

tespvsteea
pdpevnwipc
yntnvvfdsk
avvvvkdtigv
vspeavrvyh
iyfdeisftk
ictilkeqgtt
rdgrirsrgg

1x1linknidi
rdprrfgytp
gritaryhky
dsvlilptawy
vdmetesgqgl
ltgsagnytv
nsrtcgepvyg
aplpilvmal

Homo sapiens vanin 1 (VNN1), amino acid sequence (NP_004657.1) (SEQ ID NO:6)

1
61
121
181
241
301
361
421
481

Homo sapiens vanin 2 (VNN2), isoform 1, amino acid sequence (NP_004656.2) (SEQ ID

NO:8§)

61
121
181
241
301
361
421
481

Homo sapiens vanin 2 (V NNZ), isoform 2, amino acid sequence (NP_511043) (SEQ ID NO:10)

L mnenidilet alkgaaegga riivipedal ygwkftretv fpyledipdp gvnwipcgdp

61
121
181
241
301
361
421

mttaglpayva
egaitsaady
gerlscliakn
linmgenqginv
viphlsavef
lsqgldshpsh
lcchlsykms
rfemfsisgt
ekdwasnass

1 mvtssipisv avialitlgv gtgdsfiaav yehavilipnk

letaikgsae
vgarlsclak
hlveepqginv
viplitaief
lsevdshpls
cgkelcchls
tastrfemfs
grwytkdsly

hrfghtpvaga
varyhkyhly
fprtawmnvip
teigklilse
nagnltvegk
tcgrevetas
iltvslfgrw

illfyvsras
gahiivtped
nsiyvvanig
pkepeivtfn
hsawamgmrv
savvnwtsya
enipnevyal
fotgyvipev
gltagariim

qgariivtpe
dnsiyviani
pekpelvtfn
hgawamgmgv
slayptavnw
vrmlgkeene
lagtfgteyv
sscgtsnsat

risciskdns
oqufnv~d
Lltaieths
vdshpissla
elcchlsyrm
triemfelsg
vtkdslyssc

cagdtfiaavy
alygwninrd
dkkpcdtsdp
ttfgsfgift
nflasnihyp
ssiealssgn
gafdglhtve
llsenqglapyg
iiviapivcs

dalygwkitr

gdikkpcnsrd st

tafgrigift
nlivanthhv
navattikpt
vyvigaftgl
Ipevliiteih
tyilifillm

iyvlanlgdk
peilvtintai
a wanmgmgvnll
vetavawnay
lgxeenevyv
tfgteyvipe
gtsnsaityl

FIG.

ehaaiipnat
slypyiedip
qeppdgryqy
cfdilfhdpa
skkmtgegiy
ketfkgtvifd
gryyvlgictl
efgvstdgri
lsw

etvipyledi
cppngyiqg
cfdiffydog
sinmtgsgily
pvgkntfrgf
hgrrrreywdg
Lspgikfevlk
iialgnivmi

Kpensrdste
grigiftefd
vanthhvsln
attikpipvyg
Lgaftglhgr
vlilteihlisp
i1ifilimiia

7Y

ltpvsreeal
dpevnwipcn
ntdvvidsqgy
vtlvkdfnvd
apnssrafhy
eftfvklitgv
lkeckttnint
fslkptsgpv

Tetp
pdpgvnwipc
yntnvvynte
vtlvkdfnvd
apngpkvyhy
isrdginfte
vetmlkeoktt
dgrivnkngs

prngyigynt
iffydpgvtl -
mtasgivapn
kntfrgfisr
rrreywgvct
gkfevlikdgr
lgnivml

vsgeda lnimne

aimnrnldil
nrnriggtov
kivaryhkan
tiviptawmn
dmkteegkll
agnytvegkd
cgdsaetast
ltvtifgrliy

qdphrfghtp
gklvaryhky
tilfptawmn
dmkteigkll
lfenagnltv
nittcgrpve
sgpiltvslit

nvvyntegkl
vikadfhvdtil
qpkvyhyu
dgfnftelfe
mikcktitnlt
Lvnkngssgp

nidi
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Homo sapiens vanin 3 (VNN3), isoform 1, amino acid sequence (NP_060869) (SEQ ID NO:12)
1 miishfpkcv avfallalsv galdtfiaav yehavilpnr tetpvskeea 1llimnknidv
61 lekavklaak ggahiivtpe dgivgwiftr esiypyledi pdpgvowipce rdpwrfgntp
121 vqggrlsclak dnsiyvvani gdkkpcnasd sqeppdgryyg yntdvvidsg gkllaryhky
181 nlfapeigfd fpkdselvtf dtpfgkfgif tcfdifshdp avvvvdefgl tafstpghgt
241 trepssrlfp sighgprpwe siyllgiptt pact

Homo sapiens vanin 3 (VNN3), isoform 2, amino acid sequence (NP_ 523239.1) (SEQ ID
NQO:14)

I miishfpkcv avfallalsv galdtfiaav yeshavilpnr tetpvskeea llimnknidv
61 lekavklaak ggahiivtpe dgiygwiftr esiypyledi pdpgvnwipc rdpwrkskim
121 nepvskelcy hchsecngyyg gwklivrt

Homo sapiens vanin 3 (VNN3), isoform 3, amino acid sequence (NP_ 001019631) (SEQ ID
NO:16)

I miishfpkev avfallalsv galdtfiaav yehavilpnr tetpvskeea 11llmnknidv
61 lekavklaak qggahiivtpe dgiygwiftr esiypyledi pdpgvnwipc rdpwrnh

FIG. 7Z
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COMBINATION THERAPY AND USES
THEREOF FOR TREATMENT AND
PREVENTION OF PARASITIC INFECTION
AND DISEASE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority to co-pending U.S. appli-
cation Ser. No. 13/277,942, filed Oct. 20, 2011, and the ben-
efit of U.S. provisional application Ser. No. 61/394,958, filed
on Oct. 20, 2010; both of these prior applications are incor-
porated herein by reference in their entirety.

FIELD OF THE INVENTION

The present invention relates to the prevention and/or treat-
ment of infectious diseases, and more particularly parasitic
infection and disease, such as Plasmodium infection and
associated disease such as malaria.

INCORPORATION-BY-REFERENCE OF
MATERIAL SUBMITTED AS AN ASCII TEXT
FILE

A Sequence Listing is submitted herewith as an ASCII
compliant text file named “Sequence_Listing.txt”, created on
Jul. 14,2014, and having a size of ~176 kilobytes, as permit-
ted under 37 CFR 1.821(c). The material in the aforemen-
tioned file is hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

Parasites are organisms that live on or within another
organism (the host) and harm the host. Diseases caused by
parasites such as protozoa and helminths are among the lead-
ing causes of death and disease in tropical and subtropical
regions of the world.

Malaria is an infectious disease that causes severe morbid-
ity and mortality with an estimated 300-500 million cases
worldwide and more than 1 million deaths annually in sub-
Saharan Africa alone. The disease is caused by protozoan
parasites of the genus Plasmodium, transmitted by mosqui-
toes. The most serious forms of malaria are caused by Plas-
modium falciparum and Plasmodium vivax, but other species
(e.g., Plasmodium ovale, Plasmodium malariae, and Plasmo-
dium knowlesi) can also infect humans.

Among the murine malarial parasites, Plasmodium cha-
baudi (P. chabaudi) AS provides a unique experimental
model to study the erythroid stage of the disease (Li, C. et al.,
2001. Med. Microbiol. Immunol. (Berl) 189:115-126). P. cha-
baudi AS produces an infection in mice that shares many
similarities with P. falciparum malaria in humans, including
anemia, splenomegaly, hepatomegaly, renal alterations,
hypoglycemia, and parasite sequestration (Cox, J. et al,,
1987. Parasite Immunol. 9:543-561; Landau, 1. and Gautret,
P. 1998. Animal models: rodents. In Malaria, Parasite Biol-
ogy, Pathogenesis, and Protection. 1. W. Sherman, editor
ASM Press, Washington D.C., pages 401-417). Among the
murine malarial parasites, Plasmodium berghei (P. berghei)
ANKA provides a unique model to study the cerebral stage of
the disease (Hunt, N. H. et al., 2006 Int. J. Parasitol 36:
569-582). P. berghei ANKA produces an infection in mice
that shares many similarities with cerebral malaria in humans,
including sequestration of infected erythrocytes at the blood
brain barrier, and appearance of cerebral symptoms such as
fever, tremors, paralysis, coma and death.
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In humans, malaria provides a clear example of host
genetic factors influencing onset, progression, type of disease
developed and ultimate outcome of infection (Hill, A. V.
1998. Annu. Rev. Immunol. 16: 593-617). Epidemiological
data, together with linkage and association studies have
shown that selection pressure from the parasite has caused
retention of disease-associated but malaria-protective alleles
in the human population, suggesting co-evolution of the host
and parasite. Such otherwise deleterious alleles include those
causing sickle cell anemia (Allison, A. C. 1954. Br. Med. J.
1(4857): 290-294; Willcox, M. A. et al., 1983. Ann. Trop.
Med. Parasitol. 77: 239-246), thalassemias (Weatherall, D. J.
2001. Nat. Rev. Genet. 2: 245-255), and glucose-6-phosphate
dehydrogenase deficiency (Ruwende, C. et al., 1995. Nature
376: 246-249). Polymorphisms in other erythroid proteins,
including common variants of the Duffy antigen (Miller, L.
H.etal, 1976. N. Engl. J. Med. 295: 302-304), the erythro-
cyte band 3 (anion exchanger) (Allen, S. J. et al., 1999. Am. J.
Trop. Med. Hyg. 60: 1056-1060), and glycophorin C (Patel, S.
S., et al,, 2001. Blood 98:3489-3491), as well as variants in
the TNF-a cytokine (McGuire, W. et al., 1994. Nature 371:
508-510) and the CD36 scavenger receptor (Aitman, T. J. et
al., 2000. Nature 405: 1015-1016) are also associated with
protection against malaria. Additional linkage studies in
Burkina Faso have suggested a complex genetic component
of susceptibility showing blood parasitemia levels linked to
the 5931-q33 region (Rihet, P. etal., 1998. Am. J. Hum. Genet.
63: 498-505). The genetic component of malaria susceptibil-
ity is further modified by environmental factors (Kwiat-
kowski, D. 2000. Curr. Opin. Genet. Dev. 10: 320-324).

No efficacious vaccines are currently available to prevent
or control the spread of parasitic diseases such as malaria, and
most existing therapeutics are either not completely effective
or toxic to the human host. Also, drugs often fail as a result of
the selection and spread of drug resistant variants of the
parasites. Notably, control of malaria has been hampered by
the spread of drug resistance in both the Plasmodium para-
sites and the Anopheles insect vector, and by the lack of an
efficacious vaccine (Moorthy, V. S. et al., 2004. Lancet 363:
150-156).

Therefore, there is a need to develop new approaches for
the prevention and/or treatment of parasitic diseases such as
malaria.

The present description refers to a number of documents,
the content of which is herein incorporated by reference in
their entirety.

SUMMARY OF THE INVENTION

The present invention relates to decreasing susceptibility to
parasite infection or disease or to preventing or treating para-
site infection or disease.

Accordingly, in a first aspect, the present invention pro-
vides a method for decreasing susceptibility to parasite infec-
tion or disease or for preventing or treating parasite infection
or disease, in a subject, said method comprising administer-
ing to said subject an effective amount of (i) (a) cystamine; (b)
cysteamine; (c) an agent capable of inducing the production
of (a) or (b); (d) a functional derivative, analog, conjugate,
metabolite, prodrug or precursor of any of (a) to (c); (e) a
pharmaceutically acceptable salt of any of (a) to (d); or () any
combination of (a) to (e); and (ii) an artemisinin-related com-
pound.

In another aspect, the present invention provides a method
for decreasing susceptibility to parasite infection or disease or
for preventing or treating parasite infection or disease, in a
subject, said method comprising administering to said subject
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an effective amount of (i) (a) a compound of formula I:
NH,—CH,—CH,—S—R (I), wherein R is H or S—CH,—
CH,—NH,; (b) an agent capable of inducing the production
of the compound of formula I; (c) a functional derivative,
analog, conjugate, metabolite, prodrug or precursor of (a) or
(b); (d) a pharmaceutically acceptable salt of any of (a) to (¢);
or (e) any combination of (a) to (d); and (ii) an artemisinin-
related compound.

In an embodiment, the above-mentioned method com-
prises administering to said subject an effective amount of (i)
(a) cystamine; (b) cysteamine; (¢) a pharmaceutically accept-
able salt of (a) or (b); or (d) any combination of (a) to (¢); and
(ii) an artemisinin-related compound.

In an embodiment, the above-mentioned method com-
prises administering to said subject an effective amount of (i)
cysteamine or a pharmaceutically acceptable salt thereof and
(ii) (a) an artemisinin-related compound.

In various embodiments, the method results in reduced
levels of parisitemia, delay in peak levels of parasitemia, or
reduced severity of infection compared to treatment with
cystamine, cysteamine, a derivative or pharmaceutically
acceptable salt thereof or an artemisinin-related compound
alone.

In another aspect, the present invention provides a use of (i)
(a) cystamine; (b) cysteamine; (¢) an agent capable of induc-
ing the production of (a) or (b); (d) a functional derivative,
analog, conjugate, metabolite, prodrug or precursor of any of
(a) to (c); (e) a pharmaceutically acceptable salt of any of (a)
to (d); or (f) any combination of (a) to (e); and (ii) an arte-
misinin-related compound, for decreasing susceptibility to
parasite infection or disease or for preventing or treating
parasite infection or disease.

In another aspect, the present invention provides a use of (i)
(a) cystamine; (b) cysteamine; (¢) an agent capable of induc-
ing the production of (a) or (b); (d) a functional derivative,
analog, conjugate, metabolite, prodrug or precursor of any of
(a) to (¢); (e) a salt of any of (a) to (d); or (f) any combination
of'(a) to (e); and (ii) an artemisinin-related compound, for the
preparation of a medicament for decreasing susceptibility to
parasite infection or disease or for preventing or treating
parasite infection or disease.

In another aspect, the present invention provides a use of (i)
(a) a compound of formula I: NH,—CH,—CH,—S—R (),
wherein R is H or S—CH,—CH,—NH,; (b) an agent
capable of inducing the production of the compound of for-
mula I; (c) a functional derivative, analog, conjugate, metabo-
lite, prodrug or precursor of (a) or (b); (d) a pharmaceutically
acceptable salt of any of (a) to (¢); or (e) any combination of
(a) to (d); and (ii) an artemisinin-related compound, for
decreasing susceptibility to parasite infection or disease or for
preventing or treating parasite infection or disease.

In another aspect, the present invention provides a use of (i)
(a) a compound of formula I: NH,—CH,—CH,—S—R (I),
wherein R is H or S—CH,—CH,—NH,; (b) an agent
capable of inducing the production of the compound of for-
mula I; (c) a functional derivative, analog, conjugate, metabo-
lite, prodrug or precursor of (a) or (b); (d) a pharmaceutically
acceptable salt of any of (a) to (¢); or (e) any combination of
(a) to (d); and (ii) an artemisinin-related compound, for the
preparation of a medicament for decreasing susceptibility to
parasite infection or disease or for preventing or treating
parasite infection or disease.

In an embodiment, the above-mentioned use is of (i) (a)
cystamine; (b) cysteamine; (c) a pharmaceutically acceptable
salt of any of (a) or (b); or (d) any combination of (a) to (c);
and (ii) (a) artemisinin, (b) a functional derivative, analog,
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conjugate, metabolite, prodrug or precursor of artemisinin,
(c) a pharmaceutically acceptable salt of (a) or (b), or (d) any
combination of (a) to (c).

In another embodiment, the above-mentioned use is of (i)
cysteamine or a pharmaceutically acceptable salt thereof; and
(ii) an artemisinin-related compound.

In another aspect, the present invention provides a package
for decreasing susceptibility to parasite infection or disease or
for preventing or treating parasite infection or disease, said
package comprising (i) (a) cystamine; (b) cysteamine; (c) an
agent capable of inducing the production of (a) or (b); (d) a
functional derivative, analog, conjugate, metabolite, prodrug
or precursor of any of (a) to (c); (e) a salt of any of (a) to (d);
or (f) any combination of (a) to (e); and (ii) an artemisinin-
related compound.

In another aspect, the present invention provides a package
for decreasing susceptibility to parasite infection or disease or
for preventing or treating parasite infection or disease, said
package comprising (i) (a) a compound of formula I: NH,—
CH,—CH,—S—R (I), wherein R is H or S—CH,—CH,—
NH,; (b) an agent capable of inducing the production of the
compound of formula I; (c) a functional derivative, analog,
conjugate, metabolite, prodrug or precursor of (a) or (b); (d)
a pharmaceutically acceptable salt of any of (a) to (c); or (e)
any combination of (a) to (d); and (ii) an artemisinin-related
compound.

In another aspect, the present invention provides a package
comprising (i) (a) a compound of formula I: NH,—CH,—
CH,—S—R (I), wherein R is Hor S—CH,—CH,—NH,; (b)
an agent capable of inducing the production of the compound
of formula I; (c) a functional derivative, analog, conjugate,
prodrug or precursor of (a) or (b); (d) a pharmaceutically
acceptable salt of any of (a) to (¢); or (e) any combination of
(a) to (d); and (ii) an artemisinin-related compound, for
decreasing susceptibility to parasite infection or disease or for
preventing or treating parasite infection or disease in a sub-
ject.

In an embodiment, the above-mentioned 1) and ii) are pack-
aged separately.

In another embodiment, the above-mentioned 1) and ii) are
packaged in the same formulation.

In an embodiment, the above-mentioned compound 1) is
present in a delayed release composition.

In another embodiment, the above-mentioned package fur-
ther comprises labels and instructions for use.

In another aspect, the present invention provides a package
comprising (i) a plurality of doses of a compound of formula
I: NH,—CH,—CH,—S—R (I), wherein R is H or
S—CH,—CH,—NH,; (b) an agent capable of inducing the
production of the compound of formula I; (¢) a functional
derivative, analog, conjugate, prodrug or precursor of (a) or
(b); (d) a pharmaceutically acceptable salt of any of (a) to (¢);
or (e) any combination of (a) to (d); and (ii) a plurality of
doses of an artemisinin-related compound, for decreasing
susceptibility to parasite infection or disease or for preventing
or treating parasite infection or disease in a subject.

In an embodiment, the above-mentioned (i) and (ii) are
packaged separately.

In another embodiment, the above-mentioned (i) and (ii)
are packaged together.

In an embodiment, the above-mentioned package com-
prises (i) (a) cystamine; (b) cysteamine; (c) a pharmaceuti-
cally acceptable salt of (a) or (b); or (d) any combination of (a)
to (¢) and (i) an artemisinin-related compound.

In a further embodiment, the above-mentioned package
comprises (i) cysteamine or a pharmaceutically acceptable
salt thereof; and (ii) an artemisinin-related compound.
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In another embodiment, the above-mentioned package fur-
ther comprises instructions for decreasing susceptibility to
parasite infection or disease or for preventing or treating
parasite infection or disease.

In another aspect, the present invention provides a package
for decreasing susceptibility to parasite infection or disease or
for preventing or treating parasite infection or disease, said
package comprising (i) (a) cystamine; (b) cysteamine; (¢) an
agent capable of inducing the production of (a) or (b); (d) a
functional derivative, analog, conjugate, metabolite, prodrug
or precursor of any of (a) to (c); (e) a salt of any of (a) to (d);
or (f) any combination of (a) to (e); and (ii) instructions for
using (i) in combination with an artemisinin-related com-
pound, for decreasing susceptibility to parasite infection or
disease or for preventing or treating parasite infection or
disease.

In another aspect, the present invention provides a package
for decreasing susceptibility to parasite infection or disease or
for preventing or treating parasite infection or disease, said
package comprising (i) (a) a compound of formula I: NH,—
CH,—CH,—S—R (I), wherein R is H or S—CH,—CH,—
NH,; (b) an agent capable of inducing the production of the
compound of formula I; (c) a functional derivative, analog,
conjugate, metabolite, prodrug or precursor of (a) or (b); (d)
a pharmaceutically acceptable salt of any of (a) to (c); or (e)
any combination of (a) to (d); and (ii) instructions for using (i)
in combination with an artemisinin-related compound, for
decreasing susceptibility to parasite infection or disease or for
preventing or treating parasite infection or disease.

In another aspect, the present invention provides a package
for decreasing susceptibility to parasite infection or disease or
for preventing or treating parasite infection or disease, said
package comprising (i) an artemisinin-related compound;
and (i) instructions for using (i) in combination with (a)
cystamine; (b) cysteamine; (c) an agent capable of inducing
the production of (a) or (b); (d) a functional derivative, ana-
log, conjugate, metabolite, prodrug or precursor of any of (a)
to (¢); (e) a salt of any of (a) to (d); or (f) any combination of
(a) to (e); for decreasing susceptibility to parasite infection or
disease or for preventing or treating parasite infection or
disease.

In another aspect, the present invention provides a package
for decreasing susceptibility to parasite infection or disease or
for preventing or treating parasite infection or disease, said
package comprising (i) an artemisinin-related compound;
and (ii) instructions for using (i) in combination with (a) a
compound of formula I: NH,—CH,—CH,—S—R (I),
wherein R is H or S—CH,—CH,—NH,; (b) an agent
capable of inducing the production of the compound of for-
mula I; (c) a functional derivative, analog, conjugate, metabo-
lite, prodrug or precursor of (a) or (b); (d) a pharmaceutically
acceptable salt of any of (a) to (¢); or (e) any combination of
(a) to (d); for decreasing susceptibility to parasite infection or
disease or for preventing or treating parasite infection or
disease.

In another aspect, the present invention provides a compo-
sition for decreasing susceptibility to parasite infection or
disease or for preventing or treating parasite infection or
disease, said composition comprising: (i) (a) cystamine; (b)
cysteamine; (c) an agent capable of inducing the production
of cysteamine; (d) a functional derivative, analog, conjugate,
metabolite, prodrug or precursor of any of (a) to (¢); (e) a
pharmaceutically acceptable salt of any of (a) to (d); or (f) any
combination of (a) to (e); and (ii) an artemisinin-related com-
pound.

In another aspect, the present invention provides a compo-
sition for decreasing susceptibility to parasite infection or
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disease or for preventing or treating parasite infection or
disease, in a subject, said composition comprising (i) (a) a
compound of formula I: NH,—CH,—CH,—S—R (I),
wherein R is H or S—CH,—CH,—NH,; (b) an agent
capable of inducing the production of the compound of for-
mula I; (¢) a functional derivative, analog, conjugate, metabo-
lite, prodrug or precursor of (a) or (b); (d) a pharmaceutically
acceptable salt of any of (a) to (¢); or (e) any combination of
(a) to (d); and (ii) an artemisinin-related compound.

In an embodiment, the above-mentioned composition
comprises (1) (a) cystamine; (b) cysteamine; (¢) a pharmaceu-
tically acceptable salt of (a) or (b); or (d) any combination of
(a) to (¢); and (ii) an artemisinin-related compound.

In a further embodiment, the above-mentioned composi-
tion comprises (i) cysteamine or a pharmaceutically accept-
able salt thereof; and (ii) an artemisinin-related compound.

In an embodiment, the above-mentioned composition fur-
ther comprises a pharmaceutically acceptable carrier or
excipient.

In another aspect, the present invention provides a combi-
nation comprising: (i) (a) cystamine; (b) cysteamine; (c) an
agent capable of inducing the production of cysteamine; (d) a
functional derivative, analog, conjugate, metabolite, prodrug
or precursor of any of (a) to (¢); (e) a pharmaceutically accept-
able salt of any of (a) to (d); or (f) any combination of (a) to
(e); and (ii) (a) an artemisinin-related compound; for decreas-
ing susceptibility to parasite infection or disease or for pre-
venting or treating parasite infection or disease.

In another aspect, the present invention provides a combi-
nation comprising (i) (a) a compound of formula I: NH,—
CH,—CH,—S—R (I), wherein R is H or S—CH,—CH,—
NH,; (b) an agent capable of inducing the production of the
compound of formula I; (c) a functional derivative, analog,
conjugate, metabolite, prodrug or precursor of (a) or (b); (d)
a pharmaceutically acceptable salt of any of (a) to (c); or (e)
any combination of (a) to (d); and (ii) an artemisinin-related
compound; for decreasing susceptibility to parasite infection
or disease or for preventing or treating parasite infection or
disease.

In another aspect, the present invention provides (i) (a)
cystamine; (b) cysteamine; (c) an agent capable of inducing
the production of cysteamine; (d) a functional derivative,
analog, conjugate, metabolite, prodrug or precursor of any of
(a) to (¢); (e) a pharmaceutically acceptable salt of any of (a)
to (d); or (f) any combination of (a) to (e); or (ii) a composition
comprising (i) and a pharmaceutically acceptable carrier; for
use in combination with (iii) an artemisinin-related com-
pound; or (iv) a composition comprising (iii) and a pharma-
ceutically acceptable carrier; for decreasing susceptibility to
parasite infection or disease or for preventing or treating
parasite infection or disease.

In another aspect, the present invention provides (i) (a) a
compound of formula I: NH,—CH,—CH,—S—R (I),
wherein R is H or S—CH,—CH,—NH,; (b) an agent
capable of inducing the production of the compound of for-
mula I; (¢) a functional derivative, analog, conjugate, metabo-
lite, prodrug or precursor of (a) or (b); (d) a pharmaceutically
acceptable salt of any of (a) to (¢); or (e) any combination of
(a) to (d); or (ii) a composition comprising (i) and a pharma-
ceutically acceptable carrier; for use in combination with (iii)
an artemisinin-related compound; or (iv) a composition com-
prising (iii) and a pharmaceutically acceptable carrier; for
decreasing susceptibility to parasite infection or disease or for
preventing or treating parasite infection or disease.

In another aspect, the present invention provides (i) an
artemisinin-related compound; or (ii) a composition compris-
ing (i) and a pharmaceutically acceptable carrier; for use in
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combination with (iii) (a) cystamine; (b) cysteamine; (c) an
agent capable of inducing the production of cysteamine; (d) a
functional derivative, analog, conjugate, metabolite, prodrug
or precursor of any of (a) to (¢); (¢) a pharmaceutically accept-
able salt of any of (a) to (d); or (f) any combination of (a) to (e)
or (iv) a composition comprising (iii) and a pharmaceutically
acceptable carrier; for decreasing susceptibility to parasite
infection or disease or for preventing or treating parasite
infection or disease.

In another aspect, the present invention provides (i) an
artemisinin-related compound; or (ii) a composition compris-
ing (i) and a pharmaceutically acceptable carrier; for use in
combination with (iii) (a) a compound of formula I: NH,—
CH,—CH,—S—R (I), wherein R is H or S—CH,—CH,—
NH,; (b) an agent capable of inducing the production of the
compound of formula I; (c) a functional derivative, analog,
conjugate, metabolite, prodrug or precursor of (a) or (b); (d)
a pharmaceutically acceptable salt of any of (a) to (c); or (e)
any combination of (a) to (d); or (iv) a composition compris-
ing (iii) and a pharmaceutically acceptable carrier; for
decreasing susceptibility to parasite infection or disease or for
preventing or treating parasite infection or disease.

The present invention further provides a combination for
decreasing susceptibility to parasite infection or disease or for
preventing or treating parasite infection or disease, said com-
bination comprising: (i) (a) cystamine; (b) cysteamine; (¢) an
agent capable of inducing the production of cysteamine; (d) a
functional derivative, analog, conjugate, prodrug or precursor
of'any of (i) to (iii); (e) a pharmaceutically acceptable salt of
any of (a) to (d); or (f) any combination of (a) to (e); and (ii)
an artemisinin-related compound.

The present invention further provides a combination for
decreasing susceptibility to parasite infection or disease or for
preventing or treating parasite infection or disease, in a sub-
ject, said combination comprising (i) (a) a compound of for-
mula I: NH,—CH,—CH,—S—R (I), wherein R is H or
S—CH,—CH,—NH,; (b) an agent capable of inducing the
production of the compound of formula I; (¢) a functional
derivative, analog, conjugate, prodrug or precursor of (a) or
(b); (d) a pharmaceutically acceptable salt of any of (a) to (¢);
or (e) any combination of (a) to (d); and (ii) (a) an artemisinin-
related compound.

In embodiments, the above-mentioned combination com-
prises: (1) (a) cystamine; (b) cysteamine; (¢) a pharmaceuti-
cally acceptable salt of (a) or (b); or (d) any combination of (a)
to (¢); and (ii) an artemisinin-related compound.

In embodiments, the above-mentioned combination com-
prises: (a) cysteamine or a pharmaceutically acceptable salt
thereof; and (b) an artemisinin-related compound.

In an embodiment, the above-mentioned artemisinin-re-
lated compound is (a) artemisinin, (b) a functional derivative,
analog, conjugate, metabolite, prodrug or precursor of arte-
misinin, (¢) a pharmaceutically acceptable salt of (a) or (b), or
(d) any combination of (a) to (c).

In an embodiment, the above-mentioned artemisinin
derivative is artesunate. In another embodiment, the above-
mentioned artemisinin metabolite is dihydroartemisinin.

In another embodiment, the above-mentioned agent
capable of inducing the production of cystamine or cysteam-
ine is (a) a pantetheinase polypeptide, (b) a fragment or vari-
ant of (a) having pantetheinase activity; (¢) a nucleic acid
encoding the polypeptide of (a) or (b), (d) an agent capable of
increasing pantetheinase activity or expression, or (e) any
combination of (a) to (d).

In an embodiment, the above-mentioned polypeptide com-
prises the amino acid sequence of SEQID NO: 6, 8,10, 12, 14
or 16.
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In another embodiment, the above-mentioned nucleic acid
comprises a nucleotide sequence which encodes a polypep-
tide comprising the amino acid sequence of SEQ IDNO: 6, 8,
10, 12, 14 or 16. In a further embodiment, the above-men-
tioned nucleic acid comprises the coding sequence of SEQ ID
NO: 5,7,9,11,13,15,17, 18 or 19.

In an embodiment, the above-mentioned (i) and (ii) are
packaged separately.

In another embodiment, the above-mentioned (i) and (ii)
are packaged together.

In an embodiment, the above-mentioned compounds i) and
i1) act synergistically.

In an embodiment, the above-mentioned synergy results in
use of effective doses of compound 1) and/or ii) that are lower
than doses administered when the compounds are adminis-
tered in the absence of the other composition.

In an embodiment, the above-mentioned effective dose of
compound (i) is lower than a dose of (i) administered in the
absence of compound (ii).

In an embodiment, the above-mentioned effective dose of
compound (ii) is lower than a dose of (ii) administered in the
absence of compound (i).

In an embodiment, the above-mentioned effective dose of
(1) and (ii) are lower than a dose of compound (i) or compound
(i1) administered in the absence of the other composition.

In an embodiment, the dose of compound (i) and/or (ii) is
suboptimal.

In an embodiment, the above-mentioned effective dose of
compound (i) is in the range of 1 to 500 mg/kg.

In an embodiment, the above-mentioned compound (i) is
present in a delayed release composition.

In an embodiment, the peak level of parisitemia is reduced.

In an embodiment, the above-mentioned administering
prevents parisitemia.

In an embodiment, the above-mentioned compound (i) is
administered less than four times a day.

In an embodiment, the above-mentioned compound (i) is
administered twice daily.

In an embodiment, the above-mentioned compounds (i)
and (ii) are administered coextensively.

In an embodiment, the above-mentioned parasite is of the
genus Plasmodium. In a further embodiment, the above-men-
tioned parasite is Plasmodium falciparum, Plasmodium
vivax, Plasmodium ovale, Plasmodium malariae, or Plasmo-
dium knowlesi.

In another embodiment, the above-mentioned disease is
malaria. In a further embodiment, the above-mentioned
malaria is blood-stage malaria or cerebral malaria.

In an embodiment, the above-mentioned subject is a mam-
mal. In a further embodiment, the above-mentioned mammal
is a human.

Other objects, advantages and features of the present
invention will become more apparent upon reading of the
following non-restrictive description of specific embodi-
ments thereof, given by way of example only with reference
to the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

In the appended drawings:

FIGS. 1A and 1B show the effect of cysteamine on repli-
cation of Plasmodium chabaudi in vivo. FIG. 1A: plasma
levels of cysteamine-free base (measured by HPLC) follow-
ing either intraperitoneal (i.p.) or subcutaneous (s.c.) injec-
tions (120 mg/kg) were measured in 3 mice and used to
calculate C,,,, and AUC pharmacokinetic parameters (see
text). Error bars indicate standard deviation from the mean.
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FIG. 1B: A/J female mice were infected with P. chabaudi (10°
pRBC i.v.) and treated daily (either s.c. or i.p.) with cysteam-
ine (120 mg/kg) starting at day 1 to day 10. Blood parasitemia
was monitored on days 5, 6, and 7 and is plotted. The %
inhibition of parasite replication was calculated by compari-
son to the blood parasitemia measured in PBS-treated con-
trols and is indicated below the graphs. Each dot represents a
mouse. Levels of statistical significance are represented by
asterisks; *** P<0.01; **, P<0.05 (compared to PBS control
group);

FIGS. 2A and 2B show the effect of cysteamine dosing
used for treatment of cystinosis on replication of Plasmodium
chabaudi in vivo. FI1G. 2A: the plasma levels of cysteamine-
free base (measured by HPL.C) following subcutaneous (s.c.)
injection (50 mg/kg) were measured in 3 mice and used to
calculate C,, . and AUC pharmacokinetic parameters (see
text). Error bars indicate standard deviation from the mean.
FIG. 2B: A/J female mice were infected with P. chabaudi (10°
pRBC i.v.) and treated daily with cysteamine (s.c.) from day
1 to day 10, with the indicated dosing: 1x150 mg/kg, 3x50
mg/kg, or 4x50 mg/kg, given at 1 or 2 h intervals. Blood
parasitemia was monitored on days 5, 6, and 7 and is plotted.
The % inhibition of parasite replication was calculated by
comparison to the blood parasitemia measured in PBS-
treated controls and is indicated below the graphs. Each dot
represents a mouse. Levels of statistical significance are rep-
resented by asterisks; *** P<0.01 (compared to PBS control
group);

FIGS. 3A to 3C show the synergistic effect of cysteamine
on artemisinin efficacy against replication of Plasmodium
chabaudi in vivo. Groups (n=6) of female A/J (FIGS. 3A and
B) or C57BL/6 (FIG. 3C) mice were infected with P. cha-
baudi (10" pRBC, i.v.) and treated for 4 days (days 0, 1, 2, and
3) with indicated doses (in mg/kg) of artesunate (FIGS. 3A
and C) or dihydroartemisinin (DHA) (FIG. 3B) and/or cys-
teamine (170 mg/kg, i.p.), and blood parasitemia (expressed
as percentage of parasitized erythrocytes) was determined at
days 4 (left) and 5 (right) post infection. In all experiments,
control groups were treated with PBS. The presence or
absence of cysteamine is indicated by a plus or a minus,
respectively, and doses of artemisinin derivatives in mg/kg
are indicated below the plots. Each dot represents a mouse
and bars indicate the mean of the group;

FIGS. 4A 10 4C show the dose-dependent synergistic effect
of cysteamine on artemisinin efficacy against replication of
Plasmodium chabaudi in vivo. Groups (n=6) of female A/J
mice were infected with P. chabaudi (107 pRBC, i.v.) and
treated for 4 days (days 0, 1, 2, and 3) with increasing doses
(indicated) of artesunate (FIG. 4C) and/or cysteamine (FIGS.
4A and B) given i.p. Blood parasitemia was determined at
days 4 and 5 post-infection, and the inhibitory effects of the
different drug treatments on blood-stage P. chabaudi replica-
tion were calculated for each animal compared to the mean of
PBS-treated controls (expressed as a percentage). The pres-
ence or absence of drug is indicated by a plus or minus,
respectively, and all doses are in mg/kg. Error bars represent
standard error of the mean;

FIGS. 5A to 5D show the effect of cysteamine and artesu-
nate combinations on progression and resolution of P. cha-
baudi infection in vivo. Groups (n=6) of female A/J mice
were infected with P. chabaudi (10° pRBC, i.v.) and treated
for 4 days (days O, 1, 2, and 3) with PBS (FIG. 5A), cysteam-
ine (60 mg/kg, FIG.5A), or cysteamine (60 mg/kg) combined
with increasing doses of artesunate (0.5, 1.0, 5, or 10 mg/kg,
FIG. 5B), all given i.p. Blood parasitemia was measured daily
up to day 20 (expressed as percentage of pRBC), and death
was recorded (indicated by a cross). Solid and dashed lines
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represent mice receiving artesunate doses alone or in combi-
nation with cysteamine, respectively; artesunate doses are
depicted by the abbreviations “Art0.5”, “Artl”, “Art5”, and
“Art10”, as indicated. Error bars represent standard deviation
of the mean, and arrows represent drug treatment days. FIG.
5C: Kaplan-Meier survival plot for experimental treatment
groups for which lethality was observed. Depiction of arte-
sunate doses and dashed versus solid lines are as described for
FIG. 5B. FIG. 5D: Parasitemia levels at day 6 post-infection
for all experimental groups are shown, with each dot repre-
senting a mouse. Mean levels are shown as bars;

FIGS. 6A and 6B show the effect of cysteamine and arte-
sunate combinations on progression of P chabaudi in pan-
tetheinase-sufficient B6 mice. Groups (n=6) of female B6
mice were infected with P. chabaudi (10° pRBC, i.v.) and
treated for 4 days (days 0, 1, 2, and 3) with either PBS or
artesunate (1.0 or 30 mg/kg) combined with, or without,
cysteamine (60 mg/kg, FIG. 6A), all given i.p. Blood para-
sitemia was measured daily up to day 22 (expressed as per-
centage of pRBC). Solid and dashed lines represent mice
receiving artesunate doses alone or in combination with cys-
teamine, respectively. Error bars represent standard deviation
of the mean, and arrows represent drug treatment days. FIG.
6B: Parasitemia levels at day 6 post-infection for all experi-
mental groups are shown, with each dot representing a mouse.
Mean levels are shown as bars;

FIGS. 7A to 77 show the nucleotide and amino acid
sequences of murine and human pantetheinase (Vanin, Vnn)
genes and polypeptides;

FIGS. 8A and 8B show the results of two independent
experiments on the effect of cysteamine and artesunate com-
binations on the progression of Plasmodium berghei ANKA
infection (parasitemia). Groups of 5 adult 18-20 g C57BL/6J
males and females were infected intravenously with 1x10°
erythrocytes parasitized with P, berghei ANKA at time “0”.
Two hours later, mice were injected i.p with either Artemisi-
nin alone or with Artemisinin/Cysteamine combinations (at
the indicated concentrations in mg/kg body weight). In the
case of the latter, Artemisinin was injected first in one quad-
rant, and cysteamine was injected second, 10-15 minutes later
in another quadrant. The drug treatment was further repeated
atdays 1, 2 and 3 post-infection to emulate the standard 4-day
test used in anti-malarial drug discovery. Starting at day 5,
blood was collected, thin blood smears were prepared, and
parasitemia was determined (400 erythrocytes counted,
expressed as percentage parasitized erythrocytes). Error bars
show standard deviations on the mean; and

FIGS. 9A and 9B show the results of two independent
experiments on the effect of cysteamine and artesunate com-
binations on the survival of Plasmodium berghei ANKA-
infected mice. Infection and drug administration were per-
formed as described above for FIGS. 8A and 8B. Animals
were monitored for the appearance and severity of cerebral
symptoms (CM phase, shown as rectangle in graph), and
moribund animals were euthanized, and time of death was
recorded.

DISCLOSURE OF THE INVENTION

Described herein are studies using the mouse model sys-
tem of Plasmodium infection which show that treatment of
mice with a combination of cysteamine and artemisinin-re-
lated compounds (e.g., the artemisinin derivative artesunate
and the artemisinin metabolite dihydroartemisinin) leads to a
synergistic reduction in parasitemia in these mice and to an
increase in survival.
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Cysteamine (C,H,NS, CAS#60-23-1) has the following
chemical formula: NH,—CH,—CH,—SH

It is often used as a salt, such as the hydrochloride salt,
C,H,CINS (CAS#156-57-0), which has the following for-
mula: “CI*NH,—CH,—CH,—SH

Cystamine (C,H,,N,S,) is the oxidized form of cysteam-
ine (i.e., a dimer of cysteamine) and has the following chemi-
cal formula: NH,—CH,—CH,—S—S—CH,—CH,—NH,

Cystamine may also be in the form of a salt, such as a
dihydrochloride salt (CAS #56-17-7) or phosphate salt
(CAS#3724-89-8).

As such, a compound of formula I: NH,—CH,—CH,—
S—R (I) wherein R is H or S—CH,—CH,—NH,; an agent
capable of inducing the production of the compound of for-
mula I; a functional derivative, analog, conjugate, prodrug or
precursor of the compound of formula I; or salts (e.g., phar-
maceutically acceptable salts) thereof, are also useful in the
methods, uses, and compositions of the present invention.

Cysteamine, and more particularly the bitartrate salt
thereof (commercialized under the trade name Cystagon™)
has been approved for the pharmacological management of
cystinosis, an autosomal recessive disorder caused by muta-
tions in the lysosomal cystine carrier cystinosin (encoded by
the CTNS gene), whose absence leads to intracellular cystine
crystals, widespread cellular destruction, renal Fanconi syn-
drome in infancy, renal glomerular failure in later childhood
and other systemic complications (Kleta R. and Gahl W. A.,
2004. Expert Opin. Pharmacother. 5(11): 2255-2262).

Cysteamine is a metabolite (product) generated by panteth-
einase enzymatic activity. Pantetheinase (EC 3.5.1.92) is a
ubiquitous enzyme encoded by the Vanin genes (FIG. 3, SEQ
ID NOs:1, 3,5,7,9,11, 13, 15, and 17-19); 2 genes in mice
(Vanin-1 and -3) and 3 genes in human (Vanin-1, -2 and -3).
Itis an amidohydrolase that hydrolyzes pantetheine (which is
a metabolic product of Coenzyme A (CoA) degradation) to
pantothenic acid (also called pantothenate or vitamin B5) and
cysteamine.

Artemisinin (CAS#63968-64-9) is a sesquiterpene lactone
which was first isolated from the plant Artemisia annua, and
has the following formula:

An active metabolite of artemisinin and artemisinin-re-
lated compounds is dihydroartemisinin (CAS#71939-50-9),
which has the following formula:
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Accordingly, in an aspect, the present invention provides a
method for decreasing susceptibility to parasite infection or
disease or for preventing or treating parasite infection or
disease, in a subject, said method comprising administering
to said subject an effective amount of (i) (a) cystamine; (b)
cysteamine; (c) an agent capable of inducing the production
of (a) or (b); (d) a functional derivative, analog, conjugate,
metabolite, prodrug or precursor of any of (a) to (¢); (e) a salt
ofany of (a) to (d); or (f) any combination of (a) to (e); and (ii)
an artemisinin-related compound.

The present invention further provides a method for
decreasing susceptibility to parasite infection or disease or for
preventing or treating parasite infection or disease in a subject
(an animal such as a mammal, in a further embodiment a
human), said method comprising administering to said sub-
ject an effective amount of (i) (a) a compound of formula
I:NH,—CH,—CH,—S—R (I) wherein R is H or S—CH,—
CH,—NH,; (b) an agent capable of inducing the production
of the compound of formula I; (c) a functional derivative,
analog, conjugate, metabolite, prodrug or precursor of (a) or
(b); (d) a pharmaceutically acceptable salt of any of (a) to (¢);
or (e) any combination of (a) to (d) and (ii) an artemisinin-
related compound.

In another aspect, the invention provides a use of (i) (a)
cystamine; (b) cysteamine; (c) an agent capable of inducing
the production of cysteamine and/or cystamine; (d) a func-
tional derivative, analog, conjugate, metabolite, prodrug or
precursor of (a) to (c); (e) a pharmaceutically acceptable salt
ofany of (a) to (d); or (f) any combination of (a) to (e); and (ii)
an artemisinin-related compound, for decreasing susceptibil-
ity to parasite infection or disease or for preventing or treating
parasite infection or disease; or for the preparation of a medi-
cament for decreasing susceptibility to parasitic infection or
disease or for preventing or treating parasite infection or
disease.

In another aspect, the invention provides a combination of
(1) (a) cystamine; (b) cysteamine; (c) an agent capable of
inducing the production of cysteamine and/or cystamine; (d)
a functional derivative, analog, conjugate, metabolite, pro-
drug or precursor of (a) to (c); (e) a pharmaceutically accept-
able salt of any of (a) to (d); or (f) any combination of (a) to
(e); and (ii) an artemisinin-related compound, for use in
decreasing susceptibility to parasite infection or disease or for
use in preventing or treating parasite infection or disease; or
for use in the preparation of a medicament for decreasing
susceptibility to parasitic infection or disease or for use in
preventing or treating parasite infection or disease.

In an embodiment, the above-mentioned parasite infection
is an infection of a parasite of the genus Plasmodium. In an
embodiment, the above-mentioned Plasmodium parasite is an
artemisinin-resistant human Plasmodium parasite.

In an embodiment, the above-mentioned disease is
malaria. In a further embodiment, the above-mentioned
malaria is blood-stage malaria. In another embodiment, the
above-mentioned malaria is cerebral malaria.

Accordingly, the invention further provides a method for
treating or preventing malaria in an animal, comprising
administering to the animal (i) a cysteamine-related com-
pound and (ii) an artemisinin-related compound.

As used herein, the term “cysteamine-related compound”
refers to cysteamine and functional derivatives, analogs, con-
jugates, prodrugs or precursors of cysteamine and various
cysteamine salts (such as cysteamine hydrochloride, cys-
teamine salicylate, cysteamine phosphate and cysteamine
bitartrate [Cystagon™]). Also included within the scope of
the subject invention are analogs, derivatives, conjugates,
metabolites, prodrugs and precursors of cysteamine (such as
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cystamine, the oxidized form of cysteamine, cysteine, and the
like), which have the ability, as described herein, to prevent
and/or treat and/or decrease the susceptibility to parasite
infections, such as infection by a Plasmodium parasite (e.g.,
P. falciparum infection) and/or to prevent and/or treat asso-
ciated disease (e.g., malaria), and more particularly to act
synergistically with artemisinin and artemisinin-related com-
pounds. Various analogs, derivatives, conjugates, prodrugs
and metabolites of cysteamine are known and include, for
example, compounds, compositions, formulations and meth-
ods of delivery as set forth in U.S. Pat. Nos. 6,521,266;
6,468,522; 6,340,746; 5,714,519 and 5,554,655 and PCT
publication No. WO 2007/089670.

As used herein, the term “artemisinin-related compound”
refers to artemisinin and to functional derivatives, analogs,
conjugates, metabolites, prodrugs or precursors of artemisi-
nin, as well as salts thereof, and includes the artemisinin
derivatives/analogs artesunate, artemether, arteether, artelinic
acid, artenimol and artemotil, the artemisinin precursor arte-
misinic acid (Ro D K, et al., Nature 440:940-943), as well as
the artemisinin metabolite dihydroartemisinin. Also included
within the scope of the subject invention are analogs, deriva-
tives, conjugates, metabolites, prodrugs and precursors of
artemisinin which have the ability, as described herein, to
prevent and/or treat and/or decrease the susceptibility to para-
site infections, such as infection by a Plasmodium parasite
(e.g., P. falciparum infection) and/or to prevent and/or treat
associated disease (e.g., malaria), and more particularly to act
synergistically with cysteamine and cysteamine-related com-
pounds. Also included within the scope of the subject inven-
tion are analogs, derivatives, conjugates, metabolites, pro-
drugs and precursors of artemisinin which have the ability
which may be metabolized into a biologically active metabo-
lite of artemisinin (e.g., dihydroartemisinin), as well as syn-
thetic trioxolanes (mimicking the trioxolane structure of arte-
misinin) such as those described in Vennerstrom et al., 2004,
Nature 430, 900-904 (Arterolane) and O’Neill et al.,
Angewandte Chemie International Edition, 2010, 49(33):
5693-97. Various functional analogs, derivatives, conjugates,
prodrugs and metabolites of artemisinin, as well as methods
to produce them, are described, for example, in Posner et al.,
1999, J. Med. Chem. 42(2): 300-304, Li et al., 2000, J. Med.
Chem. 43(8): 1635-1640, Li et al., 2003, Bioorganic &
Medicinal Chemistry 11(20): 4363-4368, Ploypradith P,
2004. Acta Trop 89:329-342, PCT publications No.
WO/2008/127381, WO/2008/046109, WO/2007/116135,
WO/2007/009388, WO/2003/076446, WO/2000/042046,
WO/2000/004025, WO/2000/004024, WO/1999/065914 and
WO/1991/014689. Artemisinin-related compounds have
been shown to be active against a variety of parasites includ-
ing Plasmodium parasites, Toxoplasma parasites, Schisto-
soma parasites and helminths and (Dunay I R, et al., 2009,
Antimicrob Agents Chemother 53:4450-4456; Keiser J, Utz-
inger J (2007) Curr Opin Infect Dis 20:605-612; Sissoko M S
et al., (2009) PLoS One 4:¢6732).

Methods to isolate and/or produce artemisinin and/or arte-
misinin-related compounds are well known in the art. Meth-
ods to produce/isolate artemisinin from tissue culture or
whole plant of Artemisia annua are described, for example, in
Liu et al., 2006, Appl Microbiol Biotechnol. 72(1):11-20,
Epub 2006 Jun. 3. The synthesis of artemisinin may also be
performed using basic organic reagents, for example using
the methods described in Schmid and Hotheinz, J. Am. Chem.
Soc. (1983) 105(3): 624-625. The precursor of artemisinin,
artemisinic acid, may for example be produced at high levels
in an engineered Saccharomyces cerevisiae system (Ro D K
et al., 2006, Nature 440(7086): 940-943). Methods to pro-
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duce/synthesize various functional analogs, derivatives, con-
jugates, prodrugs and metabolites of artemisinin, are
described, for example, in Posner et al., 1999, J. Med. Chem.
42(2): 300-304, Li et al., 2000, J. Med. Chem. 43(8): 1635-
1640, Li et al., 2003, Bioorganic & Medicinal Chemistry
11(20): 4363-4368, PCT publications No. WO/2008/127381,
WO/2008/046109, W0O/2007/116135, WO/2007/009388,
WO/2003/076446, W0O/2000/042046, WO/2000/004025,
WO/2000/004024, W0O/1999/065914 and W(O/1991/014689.

In an embodiment, the above-mentioned agent capable of
inducing the production of cystamine, cysteamine, or a com-
pound of formula I is (a) a pantetheinase polypeptide, (b) a
fragment or variant of (a) having pantetheinase activity; (c) a
nucleic acid encoding the polypeptide of (a) or (b), (d) an
agent capable of increasing pantetheinase activity or expres-
sion, or (e) any combination of (a) to (d).

In an embodiment, the above-mentioned pantetheinase
polypeptide comprises the amino acid sequence of SEQ 1D
NO: 2,4,6,8,10, 12, 14 or 16 (FIG. 7), or a variant/fragment
thereof having pantetheinase activity.

In an embodiment, the above-mentioned pantetheinase
nucleic acid comprises (a) the coding sequence of SEQ ID
NO: 1,3,5,7,9, 11, 13, 15, 17, 18 or 19 (FIG. 7); (b) a
nucleotide sequence which encodes a polypeptide compris-
ing the amino acid sequence of SEQID NO: 2, 4, 6, 8,10, 12,
14 or 16; or (c) a fragment, variant or complement of (a) or (b)
encoding a pantotheinase polypeptide.

The above-mentioned coding sequences correspond to: (a)
nucleotides 22 to 1560 for SEQ ID NO: 1, (b) nucleotides
113-1615 for SEQ ID NO: 3, (¢) nucleotides 15-1556 for SEQ
ID NO: 5, (d) nucleotides 12-1574 for SEQ ID NO: 7, (e)
nucleotides 113-1516 for SEQ ID NO: 9, (f) nucleotides
73-897 for SEQ ID NO: 11, (g) nucleotides 73-516 for SEQ
ID NO: 13, (h) nucleotides 73-426 for SEQ IDNO: 15, (i) the
junction of nucleotides 1959-2168, 4155-4278, 21806-
22005, 22680-22971, 23411-23772, 31490-31660 and
32673-32855 for SEQ ID NO: 17, (j) the junction of nucle-
otides 2009-2221, 2346-2476, 3857-4049, 7144-7432, 8375-
8748, 10028-10198 and 15403-15594 for SEQ ID NO: 18,
and (k) the junction of nucleotides 1814-2026, 2123-2253,
7573-7765 and 9494-9781 for SEQ ID NO: 19 (FIGS. 7A to
7).

In another embodiment, the above-mentioned nucleic acid
fragment or variant encodes a polypeptide having pantethei-
nase activity.

In an embodiment, the above-mentioned pantetheinase
nucleic acid comprises the nucleotide sequence of SEQ ID
NO: 1,3,5,7,9, 11,13, 15,17, 18 or 19 (FIGS. 7A to Z).

The increase of expression of a pantetheinase nucleic acid
or encoded polypeptide or pantetheinase activity in cell or
tissue of said subject may be achieved, for example, by
administrating to a subject: (a) a polypeptide comprising the
amino acid sequence of SEQ ID NO: 2, 4,6, 8,10, 12, 14 or
16, or a variant or fragment thereof having pantetheinase
activity; (b) a nucleic acid molecule encoding pantetheinase
or a functional variant thereof (e.g., a nucleic acid which
encodes the polypeptide of SEQ ID NO: 2, 4, 6, 8, 10, 12, 14
or 16, or a variant or fragment thereof having pantetheinase
activity) or (¢) a composition (e.g., a pharmaceutical compo-
sition) comprising the above-mentioned polypeptide or
nucleic acid and, for example, a pharmaceutically acceptable
carrier/excipient.

A variant and/or fragment of pantetheinase which retains
activity (e.g., having a domain conferring pantetheinase
activity) may also be used in the uses and methods of the
invention. Variants or homologs include protein sequences,
which are substantially identical to the amino acid sequence
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of a pantetheinase (e.g., SEQ ID NO: 2,4, 6, 8, 10, 12, 14 or
16), sharing significant structural and functional homology
with a pantetheinase (e.g., SEQ ID NO: 2, 4, 6, 8, 10, 12, 14
or 16). Variants include, but are not limited to, proteins or
peptides, which differ from a pantetheinase (e.g., SEQ ID
NO: 2,4, 6,8, 10,12, 14 or 16) by any modifications, and/or
amino acid substitutions, deletions or additions. Modifica-
tions can occur anywhere including the polypeptide back-
bone, (i.e. the amino acid sequence), the amino acid side
chains and the amino or carboxy termini. Such substitutions,
deletions or additions may involve one or more amino acids.
Fragments include a fragment or a portion of a pantetheinase
or a fragment or a portion of a homolog or variant of a
pantetheinase which retains pantetheinase activity. The pan-
tetheinase polypeptide (or a variant or fragment thereof hav-
ing pantetheinase activity) may also be fused with another
polypeptide or conjugated to one or more molecules.

“Homology”, “homologous” and “homolog” refer to
sequence similarity between two peptides or two nucleic acid
molecules. Homology can be determined by comparing each
position in the aligned sequences. A degree of homology
between nucleic acid or between amino acid sequences is a
function of the number of identical or matching nucleotides
or amino acids at positions shared by the sequences. As the
term is used herein, a nucleic acid sequence is “homologous™
to oris a “homolog” of another sequence if the two sequences
are substantially identical and the functional activity of the
sequences is conserved (as used herein, the term ‘homolo-
gous’ does not infer evolutionary relatedness). Two nucleic
acids or amino acid sequences are considered “substantially
identical” if, when optimally aligned (with gaps permitted),
they share at least about 50% sequence similarity or identity,
or if the sequences share defined functional motifs. In alter-
native embodiments, sequence similarity in optimally aligned
substantially identical sequences may be at least 60%, 70%,
75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99%, e.g.,
with any of SEQ ID NOs: 1-19. As used herein, a given
percentage of homology between sequences denotes the
degree of sequence identity in optimally aligned sequences.
An “unrelated” or “non-homologous” sequence shares less
than 40% identity, though preferably less than about 25%
identity, with any of SEQ ID NOs: 1-19.

Substantially complementary nucleic acids are nucleic
acids in which the complement of one molecule is substan-
tially identical to the other molecule. Two nucleic acid or
protein sequences are considered substantially identical if,
when optimally aligned, they share at least about 70%
sequence identity. In alternative embodiments, sequence
identity may for example be at least 75%, at least 80%, at least
85%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98% or atleast 99%, e.g., with any of SEQID NOs: 1-19.
Optimal alignment of sequences for comparisons of identity
may be conducted using a variety of algorithms, such as the
local homology algorithm of Smith and Waterman, 1981,
Adv. Appl. Math 2: 432, the homology alignment algorithm of
Needleman and Wunsch, 1970, J Mol Biol. 48: 443, the
search for similarity method of Pearson and Lipman, 1988,
Proc. Natl. Acad. Sci. USA 85: 2444, and the computerised
implementations of these algorithms (such as GAP, BEST-
FIT, FASTA and TFASTA in the Wisconsin Genetics Soft-
ware Package, Genetics Computer Group, Madison, Wis.,
U.S.A)). Sequence identity may also be determined using the
BLAST algorithm, described in Altschul et al., 1990, J. Mol.
Biol. 215:403-10 (using the published default settings). Soft-
ware for performing BLAST analysis may be available
through the National Center for Biotechnology Information.
The BLAST algorithm involves first identifying high scoring
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sequence pairs (HSPs) by identifying short words oflength W
in the query sequence that either match or satisfy some posi-
tive-valued threshold score T when aligned with a word of the
same length in a database sequence. T is referred to as the
neighbourhood word score threshold. Initial neighbourhood
word hits act as seeds for initiating searches to find longer
HSPs. The word hits are extended in both directions along
each sequence for as far as the cumulative alignment score
can be increased. Extension of the word hits in each direction
is halted when the following parameters are met: the cumu-
lative alignment score falls off by the quantity X from its
maximum achieved value; the cumulative score goes to zero
or below, due to the accumulation of one or more negative-
scoring residue alignments; or the end of either sequence is
reached. The BLAST algorithm parameters W, T and X deter-
mine the sensitivity and speed of the alignment. The BLAST
program may use as defaults a word length (W) of 11, the
BLOSUMBG62 scoring matrix (Henikoff and Henikoff, 1992,
Proc. Natl. Acad. Sci. USA 89: 10915-10919) alignments (B)
of 50, expectation (E) of 10 (or 1 or 0.1 or 0.01 or 0.001 or
0.0001), M=5, N=4, and a comparison of both strands. One
measure of the statistical similarity between two sequences
using the BLAST algorithm is the smallest sum probability
(P(N)), which provides an indication of the probability by
which a match between two nucleotide or amino acid
sequences would occur by chance. In alternative embodi-
ments of the invention, nucleotide or amino acid sequences
are considered substantially identical if the smallest sum
probability in a comparison of the test sequences is less than
about 1, preferably less than about 0.1, more preferably less
than about 0.01, and most preferably less than about 0.001.
An alternative indication that two nucleic acid sequences
are substantially complementary is that the two sequences
hybridize to each other under moderately stringent, or pref-
erably stringent, more preferably highly stringent conditions.
Hybridization to filter-bound sequences under moderately
stringent conditions may, for example, be performed in 0.5 M
NaHPO4, 7% sodium dodecyl sulfate (SDS), 1 mM EDTA at
65° C., and washing in 0.2xSSC/0.1% SDS at 42° C. (see
Ausubel, et al. (eds), 1989, Current Protocols in Molecular
Biology, Vol. 1, Green Publishing Associates, Inc., and John
Wiley & Sons, Inc., New York, at p. 2.10.3). Alternatively,
hybridization to filter-bound sequences under stringent con-
ditions may, for example, be performed in 0.5 M NaHPO4,
7% SDS, 1 mM EDTA at 65° C., and washing in 0.1xSSC/
0.1% SDS at 68° C. (see Ausubel, et al. (eds), 1989, supra).
Hybridization conditions may be modified in accordance
with known methods depending on the sequence of interest
(see Tijssen, 1993, Laboratory Techniques in Biochemistry
and Molecular Biology—Hybridization with Nucleic Acid
Probes, Part I, Chapter 2 “Overview of principles of hybrid-
ization and the strategy of nucleic acid probe assays”,
Elsevier, New York). Generally, stringent conditions are
selected to be about 5° C. lower than the thermal melting point
for the specific sequence at a defined ionic strength and pH.
The above-mentioned nucleic acid may be delivered to
cells in vivo using methods well known in the art such as
direct injection of DNA, receptor-mediated DNA uptake,
viral-mediated transfection or non-viral transfection and lipid
based transfection, all of which may involve the use of gene
therapy vectors. Direct injection has been used to introduce
naked DNA into cells in vivo (see e.g., Acsadi et al. (1991)
Nature 332: 815-818; Wolff et al. (1990) Science 247: 1465-
1468). A delivery apparatus (e.g., a “gene gun”) for injecting
DNA into cells in vivo may be used. Such an apparatus may
be commercially available (e.g., from BioRad). Naked DNA
may also be introduced into cells by complexing the DNA to
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a cation, such as polylysine, which is coupled to a ligand for
acell-surface receptor (see for example Wu, G. and Wu, C. H.
(1988)J. Biol. Chem. 263:14621; Wilson et al. (1992) J. Biol.
Chem. 267: 963-967; and U.S. Pat. No. 5,166,320). Binding
of the DNA-ligand complex to the receptor may facilitate
uptake of the DNA by receptor-mediated endocytosis. A
DNA-ligand complex linked to adenovirus capsids which
disrupt endosomes, thereby releasing material into the cyto-
plasm, may be used to avoid degradation of the complex by
intracellular lysosomes (see for example Curiel et al. (1991)
Proc. Natl. Acad. Sci. USA 88: 8850; Cristiano et al. (1993)
Proc. Natl. Acad. Sci. USA 90: 2122-2126).

Defective retroviruses are well characterized for use as
gene therapy vectors (for a review see Miller, A. D. (1990)
Blood 76: 271). Protocols for producing recombinant retro-
viruses and for infecting cells in vitro or in vivo with such
viruses can be found in Current Protocols in Molecular Biol-
ogy, Ausubel, F. M. et al. (eds.) Greene Publishing Associ-
ates, (1989), Sections 9.10-9.14 and other standard laboratory
manuals. Examples of suitable retroviruses include pLJ,
pZIP, pWE and pEM which are well known to those skilled in
the art. Examples of suitable packaging virus lines include
psiCrip, psiCre, psi2 and psiAm. Retroviruses have been used
to introduce a variety of genes into many different cell types,
including epithelial cells, endothelial cells, lymphocytes,
myoblasts, hepatocytes, bone marrow cells, in vitro and/or in
vivo (see for example Eglitis, et al. (1985) Science 230:1395-
1398; Danos and Mulligan (1988) Proc. Natl. Acad. Sci. USA
85: 6460-6464; Wilson et al. (1988) Proc. Natl. Acad. Sci.
US4 85: 3014-3018; Armentano et al. (1990) Proc. Natl.
Acad. Sci. USA87:6141-6145; Huber et al. (1991) Proc. Natl.
Acad. Sci. USA 88: 8039-8043; Ferry etal. (1991) Proc. Natl.
Acad. Sci. USA 88: 8377-8381; Chowdhury et al. (1991)
Science 254: 1802-1805; van Beusechem et al. (1992) Proc.
Natl. Acad. Sci. USA 89: 7640-7644; Kay et al. (1992) Human
Gene Therapy 3: 641-647; Dai et al. (1992) Proc. Natl. Acad.
Sci. USA 89: 10892-10895; Hwu et al. (1993) J. Immunol.
150: 4104-4115; U.S. Pat. No. 4,868,116; U.S. Pat. No.
4,980,286; U.S. Pat. No. 4,980,286; PCT Application WO
89/07136; PCT Application WO 89/02468; PCT Application
WO 89/05345; and PCT Application WO 92/07573).

For use as a gene therapy vector, the genome of an aden-
ovirus may be manipulated so that it encodes and expresses a
nucleic acid compound of the invention (e.g., a pantetheinase
nucleic acid), but is inactivated in terms of its ability to
replicate in a normal lytic viral life cycle. See for example
Berkner et al. (1988) Biolechniques 6: 616; Rosenfeld et al.
(1991) Science 252: 431-434; and Rosenfeld etal. (1992) Cell
68: 143-155. Suitable adenoviral vectors derived from the
adenovirus strain Ad type 5 d1324 or other strains of aden-
ovirus (e.g., Ad2, Ad3, Ad7 etc.) are well known to those
skilled in the art. Recombinant adenoviruses are advanta-
geous in that they do not require dividing cells to be effective
gene delivery vehicles and can be used to infect a wide variety
of cell types, including airway epithelium (Rosenfeld et al.
(1992) cited supra), endothelial cells (Lemarchand et al.
(1992) Proc. Natl. Acad. Sci. USA 89: 6482-6486), hepato-
cytes (Herz and Gerard (1993) Proc. Natl. Acad. Sci. USA 90:
2812-2816) and muscle cells (Quantin et al. (1992) Proc.
Natl. Acad. Sci. USA 89: 2581-2584).

Adeno-associated virus (AAV) may be used as a gene
therapy vector for delivery of DNA for gene therapy pur-
poses. AAV is a naturally occurring defective virus that
requires another virus, such as an adenovirus or a herpes
virus, as a helper virus for efficient replication and a produc-
tive life cycle (Muzyczka et al. Curr. Topics in Micro. and
Immunol. (1992) 158:97-129). AAV may be used to integrate
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DNA into non-dividing cells (see for example Flotte et al.
(1992) Am. J. Respir. Cell. Mol. Biol. 7: 349-356; Samulski et
al. (1989) J. Virol. 63: 3822-3828; and McLaughlin et al.
(1989) J. Virol. 62: 1963-1973). An AAV vector such as that
described in Tratschin et al. (1985) Mol. Cell. Biol. 5: 3251-
3260 may be used to introduce DNA into cells (see for
example Hermonat et al. (1984) Proc. Natl. Acad. Sci. USA
81: 6466-6470; Tratschin et al. (1985) Mol. Cell. Biol. 4:
2072-2081; Wondisford et al. (1988) Mol. Endocrinol. 2:
32-39; Tratschin et al. (1984) J. Virol. 51: 611-619; and Flotte
etal. (1993) J. Biol. Chem. 268: 3781-3790). Lentiviral gene
therapy vectors may also be adapted for use in the invention.

General methods for gene therapy are known in the art. See
for example, U.S. Pat. No. 5,399,346 by Anderson et al. A
biocompatible capsule for delivering genetic material is
described in PCT Publication WO 95/05452 by Baetge et al.
Methods of gene transfer into hematopoietic cells have also
previously been reported (see Clapp, D. W., et al., Blood 78:
1132-1139 (1991); Anderson, Science 288: 627-9 (2000); and
Cavazzana-Calvo et al., Science 288: 669-72 (2000)).

The present invention relates to the administration of (i) (a)
cystamine; (b) cysteamine; (c) an agent capable of inducing
the production of cysteamine and/or cystamine; (d) a func-
tional derivative, analog, conjugate, metabolite, prodrug or
precursor of (a) to (c); (e) a pharmaceutically acceptable salt
ofany of (a) to (d); or (f) any combination of (a) to (e); and (ii)
an artemisinin-related compound, to elicit any of the effects
discussed above. The (a) cystamine; (b) cysteamine; (c) an
agent capable of inducing the production of cysteamine and/
or cystamine; (d) a functional derivative, analog, conjugate,
metabolite, prodrug or precursor of (a) to (¢); (e) a pharma-
ceutically acceptable salt of any of (a) to (d); or (f) any
combination of (a) to (e); and the artemisinin-related com-
pound may be administered alone or in combination with at
least one other agent, such as stabilizing compound, which
may be administered in any sterile, biocompatible pharma-
ceutical carrier, including, but not limited to, saline, buffered
saline, dextrose, and water. The (a) cystamine; (b) cysteam-
ine; (¢) an agent capable of inducing the production of cys-
teamine and/or cystamine; (d) a functional derivative, analog,
conjugate, metabolite, prodrug or precursor of (a) to (¢c); (e) a
pharmaceutically acceptable salt of any of (a) to (d); or () any
combination of (a) to (e); and the artemisinin-related com-
pound may be administered alone or in combination with
other agents, drugs or hormones. The (a) cystamine; (b) cys-
teamine; (c) an agent capable of inducing the production of
cysteamine and/or cystamine; (d) a functional derivative, ana-
log, conjugate, metabolite, prodrug or precursor of (a) to (c);
(e) a pharmaceutically acceptable salt of any of (a) to (d); or
(f) any combination of (a) to (e); and the artemisinin-related
compound utilized in this invention may be administered by
any number of routes including, but not limited to, oral,
intravenous, intramuscular, intra-arterial, intramedullary,
intrathecal, intraventricular, transdermal, subcutaneous,
intraperitoneal, intranasal, enteral, topical, sublingual or rec-
tal means. The (a) cystamine; (b) cysteamine; (c) an agent
capable of inducing the production of cysteamine and/or cys-
tamine; (d) a functional derivative, analog, conjugate,
metabolite, prodrug or precursor of (a) to (¢); (e) a pharma-
ceutically acceptable salt of any of (a) to (d); or (f) any
combination of (a) to (e); and artemisinin-related compound
may be administered separately or together (e.g., together in
a composition). The combination of therapeutic agents and
compositions ofthe present invention may be administered or
co-administered in any conventional dosage form. Co-admin-
istration in the context of the present invention refers to the
administration of more than one therapeutic in the course of a
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coordinated treatment to achieve an improved clinical out-
come. Such co-administration may also be coextensive, that
is, occurring during overlapping periods of time. For
example, the (a) cystamine; (b) cysteamine; (c) an agent
capable of inducing the production of cysteamine and/or cys-
tamine; (d) a functional derivative, analog, conjugate,
metabolite, prodrug or precursor of (a) to (¢); (e) a pharma-
ceutically acceptable salt of any of (a) to (d); or (f) any
combination of (a) to (¢) may be administered to a patient
before, concomitantly, before and after, or after the artemisi-
nin-related compound is administered.

As such, in embodiments, the invention further provides:

(1) a composition (e.g., a pharmaceutical composition or
medicament) comprising (a) cystamine; (b) cysteamine; (c)
an agent capable of inducing the production of cysteamine
and/or cystamine; (d) a functional derivative, analog, conju-
gate, metabolite, prodrug or precursor of (a) to (c); (e) a
pharmaceutically acceptable salt of any of (a) to (d); or (f) any
combination of (a) to (e)) and a pharmaceutically acceptable
diluent or carrier;

(2) a composition comprising (a) an artemisinin-related
compound and a pharmaceutically acceptable diluent or car-
rier;

(3) a composition comprising (i) (a) cystamine; (b) cys-
teamine; (c) an agent capable of inducing the production of
cysteamine and/or cystamine; (d) a functional derivative, ana-
log, conjugate, prodrug or precursor of (a) to (¢); (e) a phar-
maceutically acceptable salt of any of (a) to (d); or (f) any
combination of (a) to (e); and (ii) an artemisinin-related com-
pound; or

(4) a composition comprising (i) (a) cystamine; (b) cys-
teamine; (c) an agent capable of inducing the production of
cysteamine and/or cystamine; (d) a functional derivative, ana-
log, conjugate, prodrug or precursor of (a) to (¢); (e) a phar-
maceutically acceptable salt of any of (a) to (d); or (f) any
combination of (a) to (e); and (ii) an artemisinin-related com-
pound; and (iii) a pharmaceutically acceptable diluent or
carrier.

As such, in an embodiment, the present invention further
provides a combination of compositions (1) and (2) men-
tioned above for decreasing susceptibility to parasite infec-
tion or disease or for preventing or treating parasite infection
or disease (e.g., malaria). The present invention further pro-
vides composition (3) or composition (4) mentioned above
for decreasing susceptibility to parasite infection or disease or
for preventing or treating parasite infection or disease (e.g.,
malaria). In an embodiment, components (i) and (ii) of the
composition of (3) are formulated together. In an embodi-
ment, components (i) and (ii) of the composition of (3) are
formulated separately.

As used herein “pharmaceutically acceptable carrier” or
“excipient” includes any and all solvents, buffers, dispersion
media, coatings, antibacterial and antifungal agents, isotonic
and absorption delaying agents, and the like that are physi-
ologically compatible. The carrier can be suitable, for
example, for intravenous, parenteral, subcutaneous, intra-
muscular, intracranial, intraorbital, ophthalmic, intraven-
tricular, intracapsular, intraspinal, intrathecal, epidural, intra-
cisternal, intraperitoneal, intranasal or pulmonary (e.g.,
aerosol) administration. Formulations may be in the form of
liquid solutions or suspension; for oral administration, for-
mulations may be in the form of tablets or capsules; and for
intranasal formulations, in the form of powders, nasal drops,
or aerosols.

Formulations suitable for oral administration can consist of
(a) liquid solutions, such as an effective amount of active
agent(s)/composition(s) suspended in diluents, such as water,
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saline or PEG 400; (b) capsules, sachets or tablets, each
containing a predetermined amount of the active ingredient,
as liquids, solids, granules or gelatin (e.g., unit dose); (c)
suspensions in an appropriate liquid; and (d) suitable emul-
sions. Tablet forms can include one or more of lactose,
sucrose, mannitol, sorbitol, calcium phosphates, corn starch,
potato starch, microcrystalline cellulose, gelatin, colloidal
silicon dioxide, talc, magnesium stearate, stearic acid, and
other excipients, colorants, fillers, binders, diluents, buffering
agents, moistening agents, preservatives, flavoring agents,
dyes, disintegrating agents, and pharmaceutically compatible
carriers. Lozenge forms can comprise the active ingredient in
a flavor, e.g., sucrose, as well as pastilles comprising the
active ingredient in an inert base, such as gelatin and glycerin
or sucrose and acacia emulsions, gels, and the like containing,
in addition to the active ingredient, carriers known in the art.
The oral formulation may further contain one or more coat-
ings, such as an enteric coating. Enterically coated formula-
tions of cystamine, cysteamine and derivatives thereof are
described, for example, in PCT publication No. WO 2007/
089670.

Formulations for parenteral administration may, for
example, contain excipients, sterile water, or saline, polyalky-
lene glycols such as polyethylene glycol, oils of vegetable
origin, or hydrogenated napthalenes. Biocompatible, biode-
gradable lactide polymer, lactide/glycolide copolymer, or
polyoxyethylene-polyoxypropylene copolymers may be
used to control the release of the compounds. Other poten-
tially useful parenteral delivery systems for compounds/com-
positions of the invention include ethylenevinyl acetate
copolymer particles, osmotic pumps, implantable infusion
systems, and liposomes. Formulations for inhalation may
contain excipients, (e.g., lactose) or may be aqueous solutions
containing, for example, polyoxyethylene-9-lauryl ether, gly-
cocholate and deoxycholate, or may be oily solutions for
administration in the form of nasal drops, or as a gel.

For preparing pharmaceutical compositions from the com-
pound(s)/composition(s) of the present invention, pharma-
ceutically acceptable carriers are either solid or liquid. Solid
form preparations include powders, tablets, pills, capsules,
cachets, suppositories, and dispersible granules. A solid car-
rier can be one or more substance, which may also act as
diluents, flavoring agents, binders, preservatives, tablet dis-
integrating agents, or an encapsulating material.

In powders, the carrier is a finely divided solid, which is in
amixture with the finely divided active component. In tablets,
the active component is mixed with the carrier having the
necessary binding properties in suitable proportions and com-
pacted in the shape and size desired. The powders and tablets
may typically contain from 5% or 10% to 70% of the active
compound/composition. Suitable carriers are magnesium
carbonate, magnesium stearate, talc, sugar, lactose, pectin,
dextrin, starch, gelatin, tragacanth, methylcellulose, sodium
carboxymethylcellulose, a low melting wax, cocoa butter,
and the like. The term “preparation” is intended to include the
formulation of the active compound with encapsulating mate-
rial as a carrier providing a capsule in which the active com-
ponent with or without other carriers, is surrounded by a
carrier, which is thus in association with it. Similarly, cachets
and lozenges are included. Tablets, powders, capsules, pills,
cachets, and lozenges can be used as solid dosage forms
suitable for oral administration.

Liquid form preparations include solutions, suspensions,
and emulsions, for example, water or water/propylene glycol
solutions. For parenteral injection, liquid preparations can be
formulated in solution in aqueous polyethylene glycol solu-
tion.
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Aqueous solutions suitable for oral use are prepared by
dissolving the active compound(s)/composition(s) in water
and adding suitable colorants, flavors, stabilizers, and thick-
ening agents as desired. Aqueous suspensions suitable for
oral use can be made by dispersing the finely divided active
component in water with viscous material, such as natural or
synthetic gums, resins, methylcellulose, sodium carboxym-
ethylcellulose, and other well-known suspending agents.

Pharmaceutically acceptable carriers include sterile aque-
ous solutions or dispersions and sterile powders for the
extemporaneous preparation of sterile injectable solutions or
dispersion. The use of such media and agents for pharmaceu-
tically active substances is well known in the art (Rowe et al.,
Handbook of pharmaceutical excipients, 2003, 4" edition,
Pharmaceutical Press, London UK). Except insofar as any
conventional media or agent is incompatible with the active
compound, use thereof in the pharmaceutical compositions of
the invention is contemplated.

It is further contemplated that the cystamine, cysteamine, a
derivative or pharmaceutically acceptable salt thereof can be
administered orally in a delayed release formulation. Exem-
plary delayed release formulations are disclosed in U.S. Pat.
No. 8,026,284.

The composition may also contain a combination of active
compounds for the particular indication being treated, pref-
erably those with complementary activities that do not
adversely affect each other. It may be desirable to use the
above-mentioned composition in addition to one or more
agents currently used to prevent or treat the disorder in ques-
tion (e.g., an antimalarial such as sulfadoxine-pyrimethamine
[Fansidar®], mefloquine [Lariam®], atovaquone, proguanil,
atovaquone-proguanil [Malarone®], quinine, doxycycline,
primaquine), Lumefantrine (or benflumetol). The above-
mentioned agents may be formulated in a single composition
or in several individual compositions which may be co-ad-
ministered in the course of the treatment.

Formulations to be used for in vivo administration are
preferably sterile. This is readily accomplished, for example,
by filtration through sterile filtration membranes.

The amount of the pharmaceutical composition which is
effective in the prevention and/or treatment of a particular
disease, disorder or condition (e.g., parasite infection and/or
parasite-related disease) will depend on the nature and sever-
ity of the disease, the chosen prophylactic/therapeutic regi-
men, the target site of action, the patient’s weight, special
diets being followed by the patient, concurrent medications
being used, the administration route and other factors that will
be recognized by those skilled in the art. The dosage will be
adapted by the clinician in accordance with conventional
factors such as the extent of the disease and different param-
eters from the patient. Typically, 0.001 to 1000 mg/kg ofbody
weight/day will be administered to the subject. In an embodi-
ment, a daily dose range of about 0.01 mg/kg to about 500
mg/kg, in a further embodiment of about 0.1 mg/kg to about
200 mg/kg, in a further embodiment of about 1 mg/kg to
about 100 mg/kg, in a further embodiment of about 10 mg/kg
to about 50 mg/kg, may be used. The dose administered to a
patient, in the context of the present invention should be
sufficient to effect a beneficial prophylactic and/or therapeu-
tic response in the patient over time. The size of the dose also
will be determined by the existence, nature, and extent of any
adverse side-effects that accompany the administration.
Effective doses may be extrapolated from dose response
curves derived from in vitro or animal model test systems. For
example, in order to obtain an effective mg/kg dose for
humans based on data generated from rat studies, the effective
mg/kg dosage in rat may be divided by six.
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The cystamine, cysteamine, a derivative or pharmaceuti-
cally acceptable salt thereof or any combination thereof may
be administered one, two or three or four times per day. In
various embodiments, an effective dosage of cystamine, cys-
teamine, or derivative of a pharmaceutically acceptable salt
thereof may be within the range 0o 0.01 mg to 1000 mg per kg
(mg/kg) of body weight per day. Further, the effective dose
may be 0.5 mg/kg, 1 mg/kg, 5 mg/kg, 10 mg/kg, 15 mg/kg, 20
mg/kg/25 mg/kg, 30 mg/kg, 35 mg/kg, 40 mg/kg, 45 mg/kg,
50 mg/kg, 55 mg/kg, 60 mg/kg, 70 mg/kg, 75 mg/kg, 80
mg/kg, 90 mg/kg, 100 mg/kg, 125 mg/kg, 150 mg/kg, 175
mg/kg, 200 mg/kg, and may increase by 25 mg/kg increments
up to 1000 mg/kg, or may range between any two of the
foregoing values. In some embodiments, the cystamine, cys-
teamine, a derivative or pharmaceutically acceptable salt
thereof is administered at a total daily dose of from approxi-
mately 0.25 g/m” to 4.0 g/m* body surface area, e.g., at least
about0.5,0.6,0.7,0.8,09,1.0,1.1,1.2,1.3,1.4,1.5,1.6,1.7,
1.8,1.90or2 g/m? orup toabout0.8,0.9,1.0,1.1,1.2,1.3, 1.4,
1.5,1.6,1.7,18,1.9,2.0,22, 2.5, 2.7,3.0, or 3.5 gm>. In
some embodiments, the cystamine, cysteamine, a derivative
or pharmaceutically acceptable salt thereof may be adminis-
tered at a total daily dose of about 1-1.5 g/m* body surface
area, or 0.5-1 g/m2 body surface area, or about 0.7-0.8 g/m>
body surface area, or about 1.35 g/m? body surface area.

Examples of treatment regimens for artemisinin, artesu-
nate and artemether recommended by the World Health Orga-
nization (WHO) (The use of Artemisinin and its derivatives as
anti-malarial drugs, Report of a Joint CTD/DMP/TDR Infor-
mal Consultation, Geneva, 10-12 Jun. 1998) for the treatment
of parasitic disease (malaria) are provided below:

Artemisinin may be administered at 20 mg/kg in a divided
dose (loading dose) on the first day, followed by 10 mg/kg
once a day for 6 days. Artesunate may be administered at 4
mg/kg in a divided dose on the first day, followed by 2 mg/kg
once a day for 6 days. Artemether may be administered at 4
mg/kg in a divided dose on the first day, followed by 2 mg/kg
once a day for 6 days.

In an embodiment, the dose of (a) cystamine; (b) cysteam-
ine; (¢) an agent capable of inducing the production of cys-
teamine and/or cystamine; (d) a functional derivative, analog,
conjugate, metabolite, prodrug or precursor of (a) to (¢c); (e) a
pharmaceutically acceptable salt of any of (a) to (d); or () any
combination of (a) to (e) and/or (a) an artemisinin-related
compound that is used/administered in the methods, uses,
compositions, packages and combinations of the invention is
a suboptimal dose. “Suboptimal dose” as used herein refers to
a dose of one of the compounds of the combination described
herein, which, when used in the absence of another com-
pound of the combination, results in a biological effect of
50% or less (e.g., inhibition of parasitemia of 50% or less), in
an embodiment of 40% or less, in a further embodiment of
30% or less, in a further embodiment of 20% or less, in a
further embodiment of 10% or less. As such, use of a combi-
nation of the compounds described herein, where one or more
compounds in the combination is used at a suboptimal dose,
may achieve increased efficacy/biological effect (e.g., inhibi-
tion of parasitemia) relative to using the compound(s) in the
absence of the other(s), at a comparable suboptimal dose.

The terms “treat/treating/treatment” and “prevent/prevent-
ing/prevention” as used herein, refers to eliciting the desired
biological response, i.e., a therapeutic and prophylactic
effect, respectively. In accordance with the subject invention,
the therapeutic effect comprises one or more of a decrease/
reduction in parasite load (parasitemia), an amelioration of
symptoms and parasite-related effects, and increased survival
time of the affected host animal, following administration of
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(a) cysteamine, cystamine, a compound of formula I, an agent
capable of increasing expression of pantetheinase or panteth-
einase activity, an agent capable of inducing the production of
cysteamine, a functional derivative, analog, metabolite, pro-
drug or precursor thereof, or salts thereof, and (b) an artemisi-
nin-related compound. In embodiments, the decrease in para-
site load or parasitemia induced by the treatment may be, for
example, a 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
90%, 95%, 98%, 99% or 100% (i.e., complete elimination of
the parasite) decrease in parasitemia. In accordance with the
invention, a prophylactic effect may comprise a decrease in
the onset of or of the severity of one or more of parasite load
or parasitemia, symptoms and parasite-related effects, and
increased survival time of the affected host animal, following
administration of (a) cysteamine, cystamine, a compound of
formula I, an agent capable of increasing expression of pan-
tetheinase or pantetheinase activity, an agent capable of
inducing the production of cysteamine, a functional deriva-
tive, analog, prodrug or precursor thereof, or salts thereof and
(b) an artemisinin-related compound.

As such, a “therapeutically effective” or “prophylactically
effective” amount of (a) cysteamine, cystamine, a compound
of formula I, an agent capable of inducing expression of
pantetheinase, an agent capable of inducing the production of
cysteamine, a functional derivative, analog or precursor
thereof, or salts thereof, or any combinations thereof, and (b)
an artemisinin-related compound, may be administered to an
animal, in the context of the methods of treatment and pre-
vention, respectively, described herein.

In an embodiment, the above-mentioned subject is a mam-
mal. A mammal, including for purposes of treatment and
prevention, refers to any animal classified as a mammal,
including humans, domestic and farm animals, and zoo,
sports or pet animals such as dogs, horses, cats, cows etc. Inan
embodiment, the mammal is human.

Parasitic or parasite infection refers to an infection by an
organism that lives on or inside another organism (host) and
typically causes harm to the host. Parasite disease or parasitic
disease refers to a disease or condition associated with para-
site infection of a host. In an embodiment, the above-men-
tioned parasite is a protozoa. In an embodiment, the above-
mentioned parasite is of the Plasmodium genus. In a further
embodiment, the parasite is Plasmodium falciparum, Plas-
modium vivax, Plasmodium ovale, or Plasmodium malariae.

The invention further provides kits or packages (e.g., com-
mercial packages) comprising the above-mentioned compo-
sitions or agents together with instructions for their use for
decreasing susceptibility to parasite infection or disease or for
preventing or treating parasite infection or disease such as
malaria (e.g., blood-stage malaria or cerebral malaria).

The arrangement and construction of such kits is conven-
tionally known to one of'skill in the art. Such kits may include,
for example, container(s) (e.g., syringe and/or vial and/or
ampoule) for containing the agent or combination of agents or
compositions, other apparatus for administering the thera-
peutic agent(s) and/or composition(s) and/or diluent(s). The
kit may optionally further include instructions. The instruc-
tions may describe how the agent(s) and the diluent should be
mixed to form a pharmaceutical formulation. The instructions
may also describe how to administer the resulting pharma-
ceutical formulation to a subject.

Asused herein, a synergistic effect (e.g., reduction in para-
sitemia, increase in survival time) is achieved when the effect
of the combined drugs is greater than the theoretical sum of
the effect of each agent in the absence of the other. One
potential advantage of combination therapy with a synergistic
effect is that lower dosages (e.g., a suboptimal dose) of one or
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both of the drugs or therapies may be used in order to achieve
high therapeutic activity with low toxicity. In an embodiment,
the combination therapy results in at least a 5% increase in the
effect as compared to the predicted theoretical additive effect
of the agents. In a further embodiment, the combination
therapy results in at least a 10% increase in the effect as
compared to the predicted theoretical additive effect of the
agents. In a further embodiment, the combination therapy
results in at least a 20% increase in the effect as compared to
the predicted theoretical additive effect of the agents. In a
further embodiment, the combination therapy results in at
least a 30% increase in the effect as compared to the predicted
theoretical additive effect of the agents. In a further embodi-
ment, the combination therapy results in at least a 50%
increase in the effect as compared to the predicted theoretical
additive effect of the agents.

A further advantage of using the drugs in combination is
that efficacy may be achieved in situations where either drug
alone would not have an effect. For example, in a case where
the parasite is resistant to a drug when used alone but is
affected by the drugs when used in combination.

Although various embodiments of the invention are dis-
closed herein, many adaptations and modifications may be
made within the scope of the invention in accordance with the
common general knowledge of those skilled in this art. Such
modifications include the substitution of known equivalents
for any aspect of the invention in order to achieve the same
result in substantially the same way. Numeric ranges are
inclusive of the numbers defining the range. In the claims, the
word “comprising” is used as an open-ended term, substan-
tially equivalent to the phrase “including, but not limited to”.
The articles “a” and “an” are used herein to refer to one or to
more than one (i.e., to at least one) of the grammatical object
of the article. The term “such as” is used herein to mean, and
is used interchangeably, with the phrase “such as but not
limited to”. The following examples are illustrative of various
aspects of the invention, and do not limit the broad aspects of
the invention as disclosed herein.

MODE(S) FOR CARRYING OUT THE
INVENTION

The present invention is illustrated in further details by the
following non-limiting examples.

Example 1
Materials and Methods

Mice.

A/J and C57BL/6 (B6) mice were purchased from the
Jackson Laboratories (Bar Harbor, Me.) and were housed at
MecgGill University according to the guidelines of the Cana-
dian Council on Animal Care. An LDH virus-free isolate of P,
chabaudi AS was maintained by weekly passage in A/J mice.
Mice were infected intravenously into the tail vein (i.v.) with
10° or 107 pRBC suspended in pyrogen-free saline. Following
infection, the percentage of pRBC was determined daily on
thin blood smears stained with Dif-Quik™ (Dade Behring,
Newark, Del.), as described (Fortin A, et al. (2001) Proc Nat!
Acad Sci USA 98: 10793-10798).

Pharmacokinetic Studies of Cysteamine Hydrochloride In
Vivo.

Cysteamine was detected in plasma by high performance
liquid chromatography analysis with ultraviolet detection
(Dias V C, et al. (1998) Clin Chem 44: 2199-2201). Briefly,
blood was collected in EDTA/heparin-containing tubes, and
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plasma was obtained by centrifugation. Plasma thiols were
reduced by treatment with Tris(2-carboxyethyl)phosphine
(0.05M final concentration, 20 min. at 20° C.), and proteins
were precipitated with tri-chloroacetic acid (TCA, 10% final
concentration). Free thiols from the protein-free supernatant
were derivatized using SBD-F (7-benzo-2-oxa-1,3-diazole-
4-sulfonic acid), used at a final concentration of 0.2 mg/ml (1
hr at 60° C.) in 0.05 M borate buffer (pH 9.5). The mixture
was then analyzed by HPLC: the mobile phase consisted of an
aqueous solvent (0.1M acetic acid, 0.1 sodium acetate, pH
4.3) running on a Supelco™ [C-8 column, and elution of
plasma analytes was with a 0-10% acetonitrile gradient.
Detection of SBD-F derivatized analytes was by reading fluo-
rescence at 515 nm (excitation at 385 nm). Cysteamine elu-
tion peaks were quantified (surface area), and plasma concen-
trations were calculated using a set of internal cysteamine
standards processed at the same time. Area under the curve
(AUC,y_1,5,) Was calculated using the trapezoid approxima-
tion method.

Cysteamine, Chloroquine, Artesunate and Dihydroarte-
misinin Administration In Vivo.

Cysteamine hydrochloride (Sigma, Burlington ON) was
prepared in PBS. Chloroquine hydrochloride, artesunate and
dihydroartemisinin were provided by Dafra Pharmaceuticals;
chloroquine was prepared in PBS, artesunate and DHA were
prepared in 5% sodium bicarbonate and diluted in water to
appropriate concentrations. All solutions were prepared fresh
daily, filter sterilized and injections were performed intra-
peritoneally (i.p) or subcutaneously (s.c.) for 4 days or
according to treatment regimen. Mice were weighed prior to
treatment to determine appropriate doses and injection vol-
umes ranged from 100-400 ul. per mouse. In the case of
animals treated with two drugs, artemisinin derivatives were
administered first (due to the short half life of cysteamine),
followed by cysteamine 5-10 minutes later on alternate sides.
Untreated control animals were injected with PBS alone.

Statistical Tests.

Groups with normally distributed data points were com-
pared using parametric unpaired t-tests, while groups with
non-Gaussian distributions were compared using non-para-
metric Mann-Whitney tests. Survival differences were ana-
lyzed using the Log-Rank test. Synergistic effects were
defined as: the percent inhibition of the combination therapy
was >10% greater than the sum of the percent inhibition of the
individual mice. Standard error of percent inhibition was
calculated from individual mice compared to the mean para-
sitemia level of the control group.

Example 2

Characteristics of Cysteamine Activity Against
Plasmodium chabaudi Infection In Vivo

To gain more insight into the anti-malarial effect of cys-
teamine (Cys) in vivo, the pharmacokinetic characteristics
(plasma level) of Cys administered through the sub-cutane-
ous (s.c.) and intra-peritoneal (i.p) routes was compared.
Peak plasma concentration (C,,,,) and total bioavailability
(area under the curve, AUC) after administration of a single
dose of 120 mg/kg of Cys hydrochloride (FIG. 1A) was
measured. The C,,,. was higher (665 M) and reached more
rapidly (T,,,,,<5 min) following i.p injection, compared to the
s.c.route, whereaC,,, of 250 uM was attained witha T, of
30 min. On the other hand, total Cys bioavailability
(AUC 4. 77.s,) Was comparable for both routes (24282 vs
15277 minxuM for i.p. and s.c., respectively). To determine
which pharmacokinetic parameter (AUC vs. C,,,,,.) is impor-
tant for
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efficacy against Plasmodium, the i.p. and s.c. routes of injec-
tion were compared in a continuous treatment regimen, start-
ing one day prior to infection (10° pRBC of P. chabaudi, i.v.)
and continuing daily for 7 days. Parasitemia was monitored
on thin blood smears at days 5, 6 and 7 following infection
(FIG. 1B). Treatment of infected animals with 120 mg/kg of
Cys administered either s.c. or i.p. caused a highly significant
(p<0.01) 50% reduction in parasitemia at day 5 and 6, relative
to saline injected controls. These results suggest that total Cys
exposure (AUC ., _7,,.,) 1s a pharmacokinetic parameter influ-
encing the anti-malarial effect of Cys.

Example 3

Cysteamine Dosing Used in the Treatment of
Cystinosis Reduces Parasitemia During P. chabaudi
Infection In Vivo

It was next determined whether Cys at equivalent dosing to
that used in the clinical treatment of nephropathic cystinosis
in humans has an effect on the course and severity of P.
chabaudi infection in mice. In cystinosis patients, Cys is
given orally as Cys bitartrate (Cystagon®). The PK profile of
an oral dose of 1475 mg of Cys bitartrate (500 mg cysteamine
base), includes a peak plasma concentration of 39 uM (C,,,...)
with a concomitant AUCTO-Tlast of 3613 minx(Fidler M C,
etal. (2007) BrJ Clin Pharmacol 63: 36-40). Results depicted
in FIG. 2A show that a single s.c. injection of 50 mg/kg Cys
hydrochloride in mice has a PK profile comparable to that of
one oral dose of Cystagon® in humans, including a C,, . of
~80 uM and an AUC of 2845 minxuM. The efficacy of dif-
ferent regimens of 50 mg/kg Cys s.c. (number of injections,
interval between injections) on replication of P. chabaudi in
vivo was evaluated. P. chabaudi-infected mice were treated
daily, starting at day -1 and continuing to day 10, with either
1x150 mg/kg, 3x50 mg/kg given at 2 hrintervals, 4x50 mg/kg
given at 2 hr intervals or 3x50 mg/kg given at 1 hr intervals of
Cys, and blood parasitemia was monitored at days 5, 6 and 7
(FIG. 2B). Significant reduction (40-67%) of blood para-
sitemia was seen for all treatment regimens, with the stron-
gest effect achieved with 3x50 mg/kg given at 1 hr intervals.
All 50 mg/kg repeated dosing regimens (s.c.) showed inhibi-
tory effects on parasitemia that were similar to that produced
by a single s.c. injection of 150 mg/kg Cys, in agreement with
data from FIGS. 1A and 1B showing that is a pharmacokinetic
parameter influencing the anti-malarial effect of Cys. These
results suggest that multiple Cys treatments at doses similar
to those used in humans for cystinosis, can significantly
reduce blood-stage replication of Plasmodium parasites in
mice.

Example 4

Cysteamine and Artemisinin Derivatives Show
Synergistic Effects Against Plasmodium In Vivo

The effect of Cys on the potency and efficacy of the anti-
malarial artemisinin derivatives was tested. In these studies,
artemisinin derivatives were given at sub-optimal concentra-
tions to distinguish between the lack of an effect and additive
or synergistic effects of Cys addition. Synergy (Tallarida R J
(2001) J Pharmacol Exp Ther 298: 865-872) is defined as a
total anti-malarial activity (reduction in blood parasitemia
compared to untreated controls in a standard 4-day test) of the
two compounds administered together being greater than the
sum of the independent activities of the two compounds given
alone. We tested combinations of Cys and either artesunate
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(ART) or dihydroartemisinin (DHA), the bioactive form of
artemisinin. Pantetheinase-deficient mice were infected with
P chabaudi (107 pRBC, iv.) and treated with Cys (170
mg/kg) and/or sub-optimal doses of ART (0.2 or 0.5 mg/kg)
(FIG. 3A) or DHA (0.15 or 0.3 mg/kg) (FIG. 3B) from day 3
0-3 and parasitemia was monitored on days 4 and 5. Sub-
optimal doses of the artemisinin derivatives alone resulted in
parasitemia inhibition ranging from 20-30%, while higher
doses of these drugs could inhibit parasitemia 40-60%, com-
pared to controls (FIG. 3A/B; TABLE 1). However, addition
of Cysto either ART or DHA resulted in stronger inhibition of
parasitemia than the additive effect of the two compounds,
indicating a synergistic effect (TABLE 1; stars). Synergy was
observed at all concentrations of ART and DHA tested. Mice
receiving both Cys and ART/DHA also showed fewer symp-
toms of disease (ruffled fur, lethargy), compared to mice
receiving either PBS or only one compound. To assess
whether the synergistic effect between Cys and ART was
restricted to A/J mice deficient in pantetheinase, the experi-
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ment were repeated in pantetheinase sufficient and malaria- 2
resistant C57BL/6 mice (FIG. 3C). Potentiation of the anti-
malarial activity of ART (0.5 mg/kg) by Cys was also clearly
evident in these C57BL/6 mice at both days 4 and 5 post-
infection, with combined treatment causing a 65-71% reduc- 45

tion in parasitemia compared to PBS controls, greater than
either compound tested alone (13-29%) (TABLE 1).

TABLE 1

. s o 30
Effect of cysteamine and artemisinin derivative

combinations on blood-stage replication of
Plasmodium chabaudi in vivo

Inhibition of
parasitemia

Cysteamine % PBS contro))® _ 33

Dose

Mouse type and drug (mg/kg) (170 mg/kg) Day4 Day 5
Pantetheinase-deficient A/J

Artesunate 0.2 - 30 20 40
Artesunate 0.2 + 65% 56*
Artesunate 0.5 - 65 43
Artesunate 0.5 + 93 80%*

DHA 0.15 - 22 13

DHA 0.15 + 56* 46*

DHA 0.3 - 50 40 45
DHA 0.3 + 80 71*

NA®? 0 + 28 23
Pantetheinase-sufficient

C57BL/6

Artesunate 0.5 - 29 21
Artesunate 0.5 + 71% 65t 0
NA 0 + 13 25

“* indicates synergy between the compounds.
"NA, no drug administered.

55
Example 5

Synergistic Inhibition of Plasmodium Replication by
Artesunate and Cysteamine is Dose-Dependent

60

It was subsequently examined whether Cys potentiation of
ART was dose dependent. Initially, Cys doses of 60, 100, 140
and 180 mg/kg were tested with a sub-optimal ART dose of
0.2 mg/kg. The drugs were administered from day 0-3 post
infection, parasitemia was counted at day 4 and day 5 and the
percent inhibition was calculated compared to PBS-treated
controls (FIG. 4A). At 0.2 mg/kg, ART alone inhibits para-
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sitemia by ~20% (day 4) and 40% (day 5) while inhibition by
Cys alone was partially dose dependent (varying between
10% and 25%). Synergy was observed for all Cys doses tested
(varying between 50% and 75% reduction in parasitemia),
although without a clear dose-dependent effect in this Cys
dosing range. Testing a lower Cys dose range (20, 40 and 60
mg/kg) revealed a clear dose-dependent effect on synergistic
inhibition of parasitemia, with doses as low as 20-40 mg/kg
showing potentiation of the ART effect (FIG. 4B). It was also
assessed whether Cys could potentiate low doses of artesu-
nate which, given alone, have no significant effect on para-
sitemia. In this experiment, Cys (170 mg/kg) was adminis-
tered in combination, or not, with increasing doses of ART
(0.05, 0.1, 0.2, 0.4 mg/kg) in the same 4-day experimental
protocol. In these experiments, a strong potentiation (mini-
mum of 3-fold) of low-dose artesunate by Cys was detected,
with 60-75% inhibition of parasitemia replication for combi-
nations containing low dose ART at 0.1 and 0.2 mg/kg, com-
pared to <10% for these doses of ART used alone (FIG. 4C).

Example 6

The Impact of Cysteamine and Artesunate in
Combination on the Resolution of P. chabaudi
Infection

It was investigated if low dose Cys could potentiate stan-
dard doses of ART that show therapeutic activity in vivo and
concurrently determined possible long-term effects on patent
parasitemia, resolution of infection and survival in a lethal
infection model. In this protocol, mice were infected with 10°
pRBC P. chabaudi (i.v.) and treated with Cys (60 mg/kg)
and/or ART (0.5, 1, 2, 5 and 10 mg/kg) for 4 days (days 0-3),
while blood parasitemia and survival were followed for 22
days. Control animals treated with either PBS or Cys alone
(60 mg/kg) developed high parasite burdens, which peaked at
day 6, and all mice succumbed to the infection by day 7
(FIGS. 5A and 5C). In animals receiving ART alone, there
was a dose-dependent effect on infection, which manifested
as a delay in the onset of parasitemia and a reduction of peak
parasitemia. Strikingly, the addition of Cys (60 mg/kg) to all
ART doses tested had a beneficial effect on infection kinetics,
causing both a further delay in onset (by 2 to 3 days), and a
reduction of peak levels of parasitemia relative to mice
receiving only the corresponding dose of ART (FIG. 5B).
Notably, the addition of Cys to 0.5 mg/kg or 1 mg/kg of ART
caused a strong potentiation of the ART effect, with a further
60-70% reduction in parasitemia at day 6 (FIG. 5D). Like-
wise, although all mice treated with 0.5 mg/kg ART suc-
cumbed to the infection early (day 8), mice additionally
receiving Cys survived until day 9; moreover, addition of Cys
to 1.0 mg/kg ART completely rescued animals from lethality
ofiinfection, with 100% survival in this group (FIGS. 5B, 5C).
These results indicate that the synergistic effect of low doses
of Cys on artemisinin derivatives not only impacts early para-
site burdens, but also significantly improves ultimate out-
come to infection.

Example 7

Effect of Cysteamine and Artesunate Combinations
on Progression of P. chabaudi in
Pantetheinase-Sufficient B6 Mice

To investigate whether the effects on parasite burden over
the course of infection would also be observed with a pan-
tetheinase-sufficient mouse strain, a similar experiment was
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performed using female B6 mice. Groups of mice were
infected with 10° P. chabaudi pRBC i.v. and treated with PBS,
1 mg/kg or 30 mg/kg of Art, or 1 mg/kg or 30 mg/kg of Art
plus 60 mg/kg of Cys for 4 days. A reduction in parasite levels
and a delay in the peak were observed when Cys and Art are
given in combination, compared to results with Art adminis-
tered alone, at both high and low doses (FIG. 6A). As in A/J
mice, the effect of Cys addition to 1 mg/kg of Art has a clear
effect on early parasite replication at day 6 (FIG. 6B).
Although a “curative” dose combination was not achieved
with a 4-day treatment regimen, parasite levels remained
under 12% pRBC in the 30 mg/kg Art-plus-Cys group, and
mice did not display any outward symptoms of disease such
as lethargy or ruffled fur. B6 mice were able to completely
clear parasite burdens and survive the infection, even in the
control PBS-treated group. However, the addition of Cys
eliminated the appearance of recrudescent parasitemia
around day 14, as seen with the control group (FIG. 6A).
These results indicate that the synergistic effect of low doses
of Cys on artemisinin derivatives not only impacts early para-
site burdens but can also significantly improve ultimate out-
come to infection.

Example 8
Effect of Cysteamine and Artesunate Combinations
on Progression of Plasmodium berghei ANKA

Infection

Intravenous infection with Plasmodium berghei ANKA is
an accepted mouse model of cerebral malaria (CM) (Hunt, N.
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H. et al. 2006, Int. J. Parasitol. 36: 569-582). The infection
causes the following pathology. First, there is appearance of
blood parasitemia, starting at days 3 or 4, which can go up to
10% by day 7-8. Starting at day 5-6, there is emergence of
cerebral symptoms caused by permeability of the blood brain
barrier, concomitant to trapping of parasitized red cells in the
microvasculature and acute pathological host inflammatory
response in situ. This cerebral phase quickly progresses from
tremors, to paralysis, to coma, and is uniformly lethal in mice
by days 8-10. In this model, progress of infection and possibly
drug eftects may be monitored by a) appearance and intensity
of blood parasitemia (between days 5-8), b) appearance of
cerebral symptoms, and c) lethality.

Theresults depicted in FIGS. 8 A and 8B show that addition
of Cysteamine to either of the two Artemisinin dosings (5 or
10 mg/kg) causes a delay in the rise of parasitemia and seems
to cause a reduction in absolute levels measured at days 6-8
over what is detected in animals treated with Artemisinin
alone. Second, the addition of cysteamine to Artemisinin
causes an effect which is comparable (FIG. 8A) or superior
(FIG. 8B) to that of doubling the dose of Artemisinin.

With respect to survival (FIGS. 9A and 9B), Cysteamine
alone had a minor positive effect on survival of P. berghei-
infected animals. Adding cysteamine to Artemisinin pro-
longed survival of P. berghei-infected animals over that mea-
sured in animals treated with Artemisinin alone, and this by a
factor of 1-2 days.

Although the present invention has been described herein
above by way of specific embodiments thereof, it can be
modified, without departing from the spirit and nature of the
subject invention as defined in the appended claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 19
<210>
<211>
<212>
<213>
<220>
<221>
<222>

SEQ ID NO 1
LENGTH: 2255
TYPE: DNA
ORGANISM:
FEATURE :

NAME/KEY :
LOCATION:

Mus musculus

CDS
(22) .. (1560)
<400> SEQUENCE: 1

tct
Ser

ttgetgtegt tggacttcag ¢ atg

Met

tgg
Trp

tgg
Trp

gge
Gly

acg
Thr

ttt
Phe

tct
Ser

tta
Leu

cte
Leu

gca
Ala

tgt
Cys

gte
Val

aaa
Lys
20

gecg
Ala

gece
Ala
15

gece
Ala

agc
Ser

tte
Phe

ate
Ile

cat
His

tac
Tyr

cte
Leu

get
Ala
30

gtt
Val

get
Ala
35

ctyg
Leu

gtg
Val

gecg
Ala

gag
Glu

tct
Ser

tta
Leu

cca
Pro
45

cac
His

ctg
Leu

ttg
Leu

get
Ala

ctyg
Leu

ggt
Gly

gtg
Val

gag
Glu
50

gca
Ala
55

ctt
Leu

tct
Ser

ate
Ile

ctg
Leu

gac
Asp

ctyg
Leu

gaa
Glu

gta
Val

gga
Gly

geg
Ala
65

gca
Ala

gecg
Ala
70

att
Ile

att
Ile

tac
Tyr
85

ata
Ile

act
Thr

cac cca gat

Asp

ggt
Gly

gtg
Val

gaa
Glu

gge
Pro Gly

80

His
75

ate
Ile

tac
Tyr

tac
Tyr

ate
Ile

cca
Pro

cca
Pro

gat
Asp

ctyg
Leu

agg
Arg

acg
Thr

gag
Glu

gag
Glu

ctyg
Leu

tcg
Ser

cct
Pro

atg
Met

aag
Lys

gtg
Val

gac
Asp

gecg
Ala

ctyg
Leu

aag
Lys

tgt 51

Cys

get
Ala

act 99

Thr

gat
Asp
25
acc 147
Thr

gac
Asp

40

aac
Asn

cag
Gln

cgt
Arg

cct
Pro

aat 195

Asn

cag
Gln

ggt 243

Gly

gecg
Ala

tte
Phe

acc 291
Thr

90

caa 339

Gln

gta
Val
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-continued
95 100 105
aac tgg ata ccc tgt gat aac cct aaa aga ttt ggc tct acc ccg gtg 387
Asn Trp Ile Pro Cys Asp Asn Pro Lys Arg Phe Gly Ser Thr Pro Val
110 115 120
cag gag aga ctc agc tgc ttg gcc aag aac aac tcc atc tat gtt gtg 435
Gln Glu Arg Leu Ser Cys Leu Ala Lys Asn Asn Ser Ile Tyr Val Val
125 130 135
gcg aac atg gga gac aag aag ccg tgt aac acc agce gac tct cac tgt 483
Ala Asn Met Gly Asp Lys Lys Pro Cys Asn Thr Ser Asp Ser His Cys
140 145 150
cca cct gac ggc aga ttc cag tac aac act gat gtg gtg ttt gat tcc 531
Pro Pro Asp Gly Arg Phe Gln Tyr Asn Thr Asp Val Val Phe Asp Ser
155 160 165 170
cag ggt aaa ctg gtt gcg aga tac cat aag caa aac att ttc atg gga 579
Gln Gly Lys Leu Val Ala Arg Tyr His Lys Gln Asn Ile Phe Met Gly
175 180 185
gaa gat cag ttc aat gtc ccc atg gag cct gag ttt gtg act ttc gac 627
Glu Asp Gln Phe Asn Val Pro Met Glu Pro Glu Phe Val Thr Phe Asp
190 195 200
acc cce ttt gga aag ttt ggc gtc ttc acc tgt ttc gat att ctce tte 675
Thr Pro Phe Gly Lys Phe Gly Val Phe Thr Cys Phe Asp Ile Leu Phe
205 210 215
cat gat ccc gct gte acc ctg gtg aca gaa tte cag gtg gac acc ata 723
His Asp Pro Ala Val Thr Leu Val Thr Glu Phe Gln Val Asp Thr Ile
220 225 230
ctg ttc cca acc gce tgg atg gac gtc ctt cct cat ttg gca gcc att 771
Leu Phe Pro Thr Ala Trp Met Asp Val Leu Pro His Leu Ala Ala Ile
235 240 245 250
gaa ttc cac tca gct tgg get atg ggce atg ggg gtc aat ttc cta gca 819
Glu Phe His Ser Ala Trp Ala Met Gly Met Gly Val Asn Phe Leu Ala
255 260 265
gct aat cta cat aat ccc teg agg aga atg aca gga agt ggt atc tat 867
Ala Asn Leu His Asn Pro Ser Arg Arg Met Thr Gly Ser Gly Ile Tyr
270 275 280
gca cce gat tet cca agg gte ttt cac tac gac agg aag acc caa gaa 915
Ala Pro Asp Ser Pro Arg Val Phe His Tyr Asp Arg Lys Thr Gln Glu
285 290 295
gga aaa ctc ctc ttc get cag ctg aaa tcee cac cca att cac tee ccg 963
Gly Lys Leu Leu Phe Ala Gln Leu Lys Ser His Pro Ile His Ser Pro
300 305 310
gtg aac tgg act tcc tat gct age agt gta gaa tca acc cca acc aaa 1011
Val Asn Trp Thr Ser Tyr Ala Ser Ser Val Glu Ser Thr Pro Thr Lys
315 320 325 330
acc cag gaa ttt cag agt att gtc ttt ttt gat gag ttt acc ttt gtg 1059
Thr Gln Glu Phe Gln Ser Ile Val Phe Phe Asp Glu Phe Thr Phe Val
335 340 345
gag ctc aaa ggg atc aaa gga aat tac act gtt tgc cag aat gac ctc 1107
Glu Leu Lys Gly Ile Lys Gly Asn Tyr Thr Val Cys Gln Asn Asp Leu
350 355 360
tgc tgt cac cta agc tac cag atg tct gag aag cga gca gat gag gtt 1155
Cys Cys His Leu Ser Tyr Gln Met Ser Glu Lys Arg Ala Asp Glu Val
365 370 375
tat gcc ttt gga gcec ttt gat ggg ctg cac acc gtg gaa ggg cag tac 1203
Tyr Ala Phe Gly Ala Phe Asp Gly Leu His Thr Val Glu Gly Gln Tyr
380 385 390
tac cta cag atc tgc atc ctg cta aaa tgt aaa act acc aat tta cgc 1251
Tyr Leu Gln Ile Cys Ile Leu Leu Lys Cys Lys Thr Thr Asn Leu Arg
395 400 405 410
acc tgt ggt agt tca gtg gac acg gct ttt acc agg ttt gaa atg ttc 1299
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34

Thr Cys Gly

teg ctc agce
Ser Leu Ser

ctg agt gag
Leu Ser Glu
445

ggg cgc ctg
Gly Arg Leu
460

ggg cte ttt
Gly Leu Phe
475

tca gac ttc
Ser Asp Phe

att ata cat
Ile Ile His
aaaatttaaa
aagcaaataa
attaataaaa
tattcagaag
acaagaggtyg
tgttcatttyg
tgtagtttta
ggtgtettty
ctgatcteet
aggaaaagat
gtgtcaaact
aaaaa

<210> SEQ I
<211> LENGT

<212> TYPE:
<213> ORGAN

Ser Ser Val Asp Thr

415

ggce act ttt gga acc
Gly Thr Phe Gly Thr

430

gtc aag ctc gca cct
Val Lys Leu Ala Pro

450

gtt agc ctg aag cca
Val Ser Leu Lys Pro

465

g9g agg ttg tat ggg
Gly Arg Leu Tyr Gly
480

ata gca cac teg ctyg
Ile Ala His Ser Leu

495

Ala

cgg
Arg
435

999
Gly

ace
Thr

aag
Lys

ata
Ile

Phe
420

tat
Tyr

gag
Glu

tcg
Ser

gac
Asp

ata
Ile
500

Thr

gte
Val

ttt
Phe

gga
Gly

tgg
Trp
485

atg
Met

Arg Phe Glu

ttc cct gaa
Phe Pro Glu
440

cag gtg tca
Gln Val Ser
455

cct gtg tta
Pro Val Leu
470

gca tcc aat
Ala Ser Asn

ctg att gtg
Leu Ile Val

Met Phe
425

gtg ttg
Val Leu

agt gat
Ser Asp

acc atc
Thr Ile

gct tce
Ala Ser
490

acg cct
Thr Pro
505

tac ttg tgc tga tggaattttt acatttttta ttttatttag
Tyr Leu Cys

510

attggtggat

agtgcetett

ctttgagcat

aaataaaaat

taaatctatt

ggctattaag

attcttcagt

gcaatgaaga

cagaagaaat

ggtcatgtac

tccaggtete

D NO 2
H: 512
PRT

gcagaaaaaa
ctttagaaaa
tggaacgaga
tacagttaaa
atacatctta
tatttatctc
tcaagtccca
cataagaggc
caggacaaag
aacaagaaaa

cagaatcatg

ISM: Mus musculus

<400> SEQUENCE: 2

Met Gly Thr
1

Cys Val Leu

Glu His Ala
35

Gly Glu Ala
50

Ala Ile Val
65

Glu Asp Gly

Tyr Leu Glu

Ser Trp Trp Leu Ala

5

Lys Ala Ser Ser Leu

20

Val Ile Leu Pro Lys

40

Leu Ala Leu Met Asn

55

Ser Ala Ala Lys Gln

70

Ile Tyr Gly Val Arg

85

Glu Ile Pro Asp Pro

100

taactgtttyg

acatatgtac

tggagggcca

aggcacttca

ctcagttatg

aacatttceg

gttcccacaa

atcattagca

acttgcatca

ggggcctcag

aggcaataaa

Cys

Asp

25

Asp

Gln

Gly

Phe

Gln
105

Ala

Thr

Thr

Asn

Ala

Thr

90

Val

Ala

Phe

Leu

Leu

His

75

Arg

Asn

tcaacagtgyg
accagataca
agtaaaggtc
aaccatcata
cttagaattt
ttcteteatyg
cctcagaacy
tggactttaa
agtgaagccc
gagaacgcaa

tttectgtttt

Ala Phe Ser

Leu Ala Ala
30

Leu Pro Val
45

Asp Leu Leu
60

Ile Ile Val

Asp Thr Ile

Trp Ile Pro
110

actcgggtgt
tttcaggaaa
gcatgtgttt
agatagattt
ccaatgtgtt
gaccagatce
tgactgeett
ttcaatatga
ttgtgaacac
acctgctaac

aaatgaaaaa

Ala Leu

Val Tyr

Ser His

Glu Gly

Thr Pro
80

Tyr Pro
95

Cys Asp

1347

1395

1443

1491

1539

1590

1650

1710

1770

1830

1890

1950

2010

2070

2130

2190

2250

2255
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36

Asn

Leu

Lys

145

Gln

Arg

Pro

Gly

Leu

225

Met

Ala

Ser

Gln

305

Ala

Ile

Gly

Gln

Asp

385

Leu

Asp

Gly

Ala

Lys
465

Tyr

Ser

Pro

Ala

130

Pro

Tyr

Tyr

Met

Val

210

Val

Asp

Met

Arg

Phe

290

Leu

Ser

Val

Asn

Met

370

Gly

Leu

Thr

Thr

Pro
450
Pro

Gly

Leu

Lys

115

Lys

Cys

Asn

His

Glu

195

Phe

Thr

Val

Gly

Arg

275

His

Lys

Ser

Phe

Tyr

355

Ser

Leu

Lys

Ala

Arg

435

Gly

Thr

Lys

Ile

Arg

Asn

Asn

Thr

Lys

180

Pro

Thr

Glu

Leu

Met

260

Met

Tyr

Ser

Val

Phe

340

Thr

Glu

His

Cys

Phe

420

Tyr

Glu

Ser

Asp

Ile
500

Phe

Asn

Thr

Asp

165

Gln

Glu

Cys

Phe

Pro

245

Gly

Thr

Asp

His

Glu

325

Asp

Val

Lys

Thr

Lys

405

Thr

Val

Phe

Gly

Trp

485

Met

<210> SEQ ID NO 3

<211> LENGTH:

1819

Gly

Ser

Ser

150

Val

Asn

Phe

Phe

Gln

230

His

Val

Gly

Arg

Pro

310

Ser

Glu

Cys

Arg

Val

390

Thr

Arg

Phe

Gln
Pro
470

Ala

Leu

Ser

Ile

135

Asp

Val

Ile

Val

Asp

215

Val

Leu

Asn

Ser

Lys

295

Ile

Thr

Phe

Gln

Ala

375

Glu

Thr

Phe

Pro

Val

455

Val

Ser

Ile

Thr

120

Tyr

Ser

Phe

Phe

Thr

200

Ile

Asp

Ala

Phe

Gly

280

Thr

His

Pro

Thr

Asn

360

Asp

Gly

Asn

Glu

Glu

440

Ser

Leu

Asn

Val

Pro

Val

His

Asp

Met

185

Phe

Leu

Thr

Ala

Leu

265

Ile

Gln

Ser

Thr

Phe

345

Asp

Glu

Gln

Leu

Met

425

Val

Ser

Thr

Ala

Thr
505

Val

Val

Cys

Ser

170

Gly

Asp

Phe

Ile

Ile

250

Ala

Tyr

Glu

Pro

Lys

330

Val

Leu

Val

Tyr

Arg

410

Phe

Leu

Asp

Ile

Ser
490

Pro

Gln

Ala

Pro

155

Gln

Glu

Thr

His

Leu

235

Glu

Ala

Ala

Gly

Val

315

Thr

Glu

Cys

Tyr

Tyr

395

Thr

Ser

Leu

Gly

Gly

475

Ser

Ile

Glu

Asn

140

Pro

Gly

Asp

Pro

Asp

220

Phe

Phe

Asn

Pro

Lys

300

Asn

Gln

Leu

Cys

Ala

380

Leu

Cys

Leu

Ser

Arg

460

Leu

Asp

Ile

Arg

125

Met

Asp

Lys

Gln

Phe

205

Pro

Pro

His

Leu

Asp

285

Leu

Trp

Glu

Lys

His

365

Phe

Gln

Gly

Ser

Glu

445

Leu

Phe

Phe

His

Leu

Gly

Gly

Leu

Phe

190

Gly

Ala

Thr

Ser

His

270

Ser

Leu

Thr

Phe

Gly

350

Leu

Gly

Ile

Ser

Gly

430

Val

Val

Gly

Ile

Tyr
510

Ser

Asp

Arg

Val

175

Asn

Lys

Val

Ala

Ala

255

Asn

Pro

Phe

Ser

Gln

335

Ile

Ser

Ala

Cys

Ser

415

Thr

Lys

Ser

Arg

Ala
495

Leu

Cys

Lys

Phe

160

Ala

Val

Phe

Thr

Trp

240

Trp

Pro

Arg

Ala

Tyr

320

Ser

Lys

Tyr

Phe

Ile

400

Val

Phe

Leu

Leu

Leu
480

His

Cys
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-continued

<212> TYPE: DNA

<213> ORGANISM: Mus musculus
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (113)..(1615)

<400> SEQUENCE: 3
atatattcac aggcagctgg ctggcatcac gacttgegte tgaatatttt ttttteccac

tgagatacag tagaagaacc ttctgatttt cagagatcac tctattttaa tt atg gct
Met Ala

tca
Ser

get
Ala

gtt
Val

ttg
Leu

ctyg
Leu

ate
Ile

gat
Asp

agg
Arg
115

gag
Glu

Asn

acce
Thr

aag
Lys

tca
Ser
195

act
Thr

gac
Asp

ctyg
Leu

atg

tta
Leu

gtg
Val
20

ata
Ile

cte
Leu

gca
Ala

tat
Tyr

ata
Ile
100

ttt
Phe

aac
Asn

get
Ala

aat
Asn

tac
Tyr
180

gag
Glu

tgce
Cys

ace
Thr

cce
Pro

999

cat
His

ggt
Gly

ctyg
Leu

ctyg
Leu

gece
Ala

ggt
Gly

cca
Pro

gge
Gly

tct
Ser

act
Thr

gtg
Val
165

aat

Asn

ctyg
Leu

ttt
Phe

cag
Gln

ctyg
Leu
245

gte

ttt
Phe

tca
Ser

cca
Pro

ata
Ile

aga
Arg
70

tgg
Trp

gac
Asp

tac
Tyr

ate
Ile

gat
Asp
150

gte
Val

ctt
Leu

gtg
Val

gac
Asp

gte
Val
230

ctt
Leu

aac

cct caa tgg gca
Pro Gln Trp Ala
10

atg gac act ttt
Met Asp Thr Phe
25

aac aaa act gaa
Asn Lys Thr Glu
40

aac aag aac ata
Asn Lys Asn Ile
55

cag ggt gca cat
Gln Gly Ala His

atc ttc acc agg
Ile Phe Thr Arg

cct gaa gtg aac
Pro Glu Val Asn
105

aca cca gta cag
Thr Pro Val Gln
120

tat att atg gca
Tyr Ile Met Ala
135

cect cat tgt cce
Pro His Cys Pro

ttc gat tct aag
Phe Asp Ser Lys
170

ttt gaa cca gag
Phe Glu Pro Glu
185

acc ttt gac acc
Thr Phe Asp Thr
200

att ttc tcect tat
Ile Phe Ser Tyr
215

gac agt gtt ctc

Asp Ser Val Leu

tca gca gtt cca
Ser Ala Val Pro
250

gtg ctt get gca

gtg
Val

att
Ile

agt
Ser

gac
Asp

ate
Ile
75

gag
Glu

tgg
Trp

gag
Glu

aat
Asn

ccg
Pro
155

ggt
Gly

att
Ile

ccg
Pro

gac
Asp

tta
Leu
235

ttc
Phe

aac

agt
Ser

get
Ala

cct
Pro

att
Ile
60

att
Ile

ace
Thr

att
Ile

aga
Arg

att
Ile
140

gat

Asp

agg
Arg

cag
Gln

ttt
Phe

cca
Pro
220

cce
Pro

cat
His

accec

ttt
Phe

get
Ala

gtt
Val

ttyg
Leu

gtg
Val

att
Ile

cce
Pro

ctg
Leu
125

999
Gly

gge
Gly

cta
Leu

ttt
Phe

999
Gly
205

get
Ala

acyg
Thr

tcg
Ser

cac

gte
Val

gtg
Val
30

tecc
Ser

gag
Glu

acg
Thr

tac
Tyr

tgt
Cys
110

age

Ser

gac
Asp

cgt
Arg

aca
Thr

gat
Asp
190

aag
Lys

gtg
Val

gecg
Ala

gtg
Val

aac

tte
Phe
15

tat
Tyr

act
Thr

agt
Ser

cca
Pro

cece
Pro
95

aga
Arg

tgc
Cys

aag
Lys

tac
Tyr

gece
Ala
175

ttc

Phe

ttt
Phe

gtg
Val

tgg
Trp

tgg
Trp
255

acc

ttt
Phe

gaa
Glu

gaa
Glu

gca
Ala

gaa
Glu
80

tac
Tyr

gac
Asp

ctt
Leu

aag
Lys

caa
Gln
160

cge

Arg

cce
Pro

gge
Gly

gtt
Val

tac
Tyr
240

gece
Ala

age

1

gece
Ala

cat
His

gag
Glu

ate
Ile
65

gat
Asp

cta
Leu

cct
Pro

gece
Ala

cca
Pro
145

tat

Tyr

tac
Tyr

aaa
Lys

ate
Ile

gtg
Val
225

aac
Asn

aga
Arg

atg

cag
Gln

get
Ala

get
Ala

aag
Lys

gga
Gly

gag
Glu

agg
Arg

aag
Lys
130

tgce

Cys

aat
Asn

cat
His

gat
Asp

ttc
Phe
210

aag
Lys

ace
Thr

gece
Ala

cat

166

214

262

310

358

406

454

502

550

598

646

694

742

790

838

886

934
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40

-continued
Met Gly Val Asn Val Leu Ala Ala Asn Thr His Asn Thr Ser Met His
260 265 270
atg aca ggg agt gga atc tac agc ccg gaa gct gte cga gtg tac cac 982
Met Thr Gly Ser Gly Ile Tyr Ser Pro Glu Ala Val Arg Val Tyr His
275 280 285 290
tat gac atg gag aca gag agt ggc caa ctg ctg ctt tca gag ctg agg 1030
Tyr Asp Met Glu Thr Glu Ser Gly Gln Leu Leu Leu Ser Glu Leu Arg
295 300 305
tct cgg cct cgce cag cac gcc acc cct gca gag gtt aac tgg agc gct 1078
Ser Arg Pro Arg Gln His Ala Thr Pro Ala Glu Val Asn Trp Ser Ala
310 315 320
tat gcc agg act gtg aag ccg ttc tca tcg ggg cag gca gac ttc cca 1126
Tyr Ala Arg Thr Val Lys Pro Phe Ser Ser Gly Gln Ala Asp Phe Pro
325 330 335
gga aag att tat ttt gac gaa ttt agc ttc acc aag ctt aca gga agt 1174
Gly Lys Ile Tyr Phe Asp Glu Phe Ser Phe Thr Lys Leu Thr Gly Ser
340 345 350
gct ggce aat tac aca gtt tgc caa aag gac ctg tgc tgt cac ctg act 1222
Ala Gly Asn Tyr Thr Val Cys Gln Lys Asp Leu Cys Cys His Leu Thr
355 360 365 370
tac aag atg tct gaa agc cga atg gac gag gtg tat gtt ctg ggt gcc 1270
Tyr Lys Met Ser Glu Ser Arg Met Asp Glu Val Tyr Val Leu Gly Ala
375 380 385
ttt gat gga ctc cat aca ggg gaa ggc cag tat tac cta cag ata tgt 1318
Phe Asp Gly Leu His Thr Gly Glu Gly Gln Tyr Tyr Leu Gln Ile Cys
390 395 400
aca ttg ctg aag tgt caa acc acc aac tcg aga act tgt ggg gaa ccc 1366
Thr Leu Leu Lys Cys Gln Thr Thr Asn Ser Arg Thr Cys Gly Glu Pro
405 410 415
gtg ggg tca gct ttt aca aag ttt gaa gaa ttc tet cte agt ggce acce 1414
Val Gly Ser Ala Phe Thr Lys Phe Glu Glu Phe Ser Leu Ser Gly Thr
420 425 430
ttt cgg aca aaa tat gtt ttc cca cag atc gtg cta agt ggg agt caa 1462
Phe Arg Thr Lys Tyr Val Phe Pro Gln Ile Val Leu Ser Gly Ser Gln
435 440 445 450
ctt gce ctg gaa aga tat tat gaa gtc tca aga gat gga cgt ctg agg 1510
Leu Ala Leu Glu Arg Tyr Tyr Glu Val Ser Arg Asp Gly Arg Leu Arg
455 460 465
agt cga ggt gga gcc cct ttg cct atc tta gtg atg gecc ctg tat gga 1558
Ser Arg Gly Gly Ala Pro Leu Pro Ile Leu Val Met Ala Leu Tyr Gly
470 475 480
aga gtg ttt gag aga gac cct ccg cgc tta ggg cag gga cct ggg aag 1606
Arg Val Phe Glu Arg Asp Pro Pro Arg Leu Gly Gln Gly Pro Gly Lys
485 490 495
ctg cag tga tcccttecatt ggggacccca cecgectgece ctgacacaag 1655
Leu Gln
500
gggeggggte tgcacaggat tagectggca gagagegggg ctctaagagce aagaacaagg 1715
agctgcaggg ttccattagg agatacgatg taagctgctg aaaaggcaaa g